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P R O L O G U E 
This Thesis describes a series of basic investigations into a few 
important problems that have hampered the progress of liver transplan-
tation in man. Three positive, original observations emerged from the 
studies: 
(i) a promising new technique of auxiliary liver transplantation, 
previously developed in the pig, was shown to be technically 
feasible in man; 
(ii) a new technique of biliary drainage was developed in a human 
cadaver study, and applied successfully in a series of live 
porcine auxiliary liver transplants; 
(iii) the use of cerebrospinal fluid (CSF) glutamine as an index of 
donor liver quality in the postoperative period was investi-
gated, and the values were shown to relate accurately to the 
histological quality of the donor liver in the auxiliary 
transplant model that was used. 
Each of the three positive observations that arose from this experi-
mental study, needs to be investigated in greater depth before they can 
be reconunended for use in man. 
This type of study has been the subject of adverse criticism. The 
main points have been the unsatisfactory cost/benefit ratio of liver 
transplantation in general, and the incongruity of undertaking this 
type of research in environments where the basic medical care of the 
populace falls short of the ideal. These points are well taken, but 
individual tragedy exists, and demands both compassion and vision on 
the part of the Medical Profession. The position has been put into 
perspective by Russell (150): 
"I am sure that all of us thinking about these things have 
serious concerns about their cost-effectiveness and perhaps 
even as to whether some of them are truly humane. Great 
efforts to benefit individual patients come naturally to 
surgeons, and I believe strongly that some champions of the 
individual are needed in medicine as they are needed else-
where. Still it would be well if we have the foresight to 
develop a new "ethics of restraint" as we try to apply our 
knowledge with all the wisdom we possess. For there is no 
doubt that constructive surgery will flourish and that trans-
plantation will be among its greatest achievements." 
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The diseases for which liver transplantation has been advocated, are 
briefly reviewed, and the disappointing results of present day therapy 
of these conditions are noted. The results of clinical liver trans-
plantation are presented, and the unacceptably high rate of failure 
due primarily to biliary tract complications is emphasised. 
The theoretical advantages of auxiliary liver transplantation are 
briefly reviewed, the problems associated with the procedure are dis-
cussed, and criteria formulated for successful auxiliary transplantation. 
The importance of, and the difficulties involved in the early diagno-
sis of rejection in the donor liver are outlined, and the absence of 
a simple, reliable test, specific for rejection is stressed. 
Features of a promising, recently described auxiliary liver transplan-
tation model are reviewed, and the rationale for further studies 
related to this technique is presented. 
4. 
MAIN I N T R O D U C T I O N 
Liver transplantation is an attractive and challenging concept in the 
treatment of life threatening liver disease that cannot be treated by con-
ventional means, and has been used with gratifying success in a few patients
. 
The procedure is, however, in its infancy, having been practised experi-
mentally for only two decades, and clinically for barely one. 
The overall clinical results have been unsatisfactory, and have led to 
serious doubts regarding the value of the procedure in man. In view o
f 
the prevailing pessimism on both experimental and clinical fronts, (116, 
152,161), it is perhaps timely to review briefly some of the diseases for 
which liver transplantation has been advocated, and to reiterate the hope-
less prognosis that exists with all other forms of therapy. 
INDICATIONS FOR LIVER TRANSPIANTATION 
Cirrhosis of the liver is a connnon condition and "during the past decade 
the incidence of cirrhosis has increased more than any other cause of deatW' 
(Orloff 140). The problem is worldwide, and the quoted death rates per 
100 000 of population have ranged from 35,7 in France (217); 11,9 in the 
U.S.A. (44) to 2,8 in England and Wales (196). It has been estimated that 
there are 8 million chronic alcoholics in the U.S.A., most of whom have, 
or are potential candidates for cirrhosis, and its consequences of portal 
hypertension and variceal bleeding (140). Over the age of 40 years 
cirrhosis is the fourth connnonest cause of death. 
5. 
Once variceal bleeding conunences, the prognosis is extremely grave. 
Orloff (140) quotes a mean hospital mortality of 73"/o in 1031 patients 
with the first variceal haemorrhage, and states that the prognosis has 
shown virtually no improvement over a twenty year period. From London, 
Sherlock (162) has reported an 80% mortality within one year in cirrhotic 
patients with variceal bleeding plus clinical evidence of liver failure. 
The conventional treatment of these patients consists of specific medical 
measures, emergency surgical procedures to control life threatening 
haemorrhage, and a variety of elective portosystemic shunts to prevent 
further haemorrhage. The therapy is extremely costly in terms of bed 
occupancy, blood usage and staff time. Despite the most energetic therapy, 
most patients have a progressive downhill course, dying eventually from 
haemorrhage, liver failure or infection. 
Present methods of therapy for end stage cirrhosis aim essentially at 
eliminating the precipitating causes, and treating the multiple effects of 
the disease. There is no known therapy that will transform a liver with 
severe established cirrhosis into a normal liver. On the basis of the 
present understanding of cirrhosis, it would appear that the only really 
effective treatment in established progessive disease would be the total 
replacement of the cirrhotic liver with a normal liver, or the implantation 
of a second liver into a heterotopic site with diversion of all or part of 
the portal blood into the healthy graft. 
Cirrhosis has been a major indication for clinical liver transplantation, 
and by 1/1/74, 49 patients had been treated by transplantation, 36 by the 
orthotopic method and 13 by auxiliary transplantation - ACS/NIH Report (5). 
The results have been ppor, only 3 of the 49 patients survived for more than 
1 year. 
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Most of the operations have been performed on critically ill patients 
with end stage liver failure. The mortality and morbidity after anymajor 
surgery would probably have been high in these patients, and Williams (226) 
has made a plea for earlier operation in the cirrhotic patient with 
progressive disease. 
Improvement in the results of clinical liver transplantation would provide 
the surgeon with a curative operation for the vast number of cirrhotic 
patients who cannot be cured by conventional means, and the operations 
could then justifiably be performed at an earlier stage. 
Congenital biliary atresia has been estimated to occur in 1/20 000 to 
1/30 000 births (158). Louw (117) has discussed the extremely complex 
problems inherent in the diagnosis and management of biliary atresia. 
The prognosis in these children is usually hopeless if there are no ducts 
available for biliary reconstruction. Survival is unconunon beyond 2 years, 
and survival in excess of 4 years is exceptional (106). The last months 
of life are an agony for both parents and child because of itching, ascites, 
haemorrhages, recurrent respiratory infections and finally coma (178). 
Surgically correctible lesions have been reported in 10% (37) to 38% (101) of 
patients but only 8% are cured by conventional surgical operations (158). 
Hepatic portoenterostomy has not lived up to earlier expectations (38). 
Liver transplantation would appear to offer the only chance of survival 
for those children in whom the defects do not allow for conventional 
repair. Starzl (183) feels that these patients are ideal candidates for 
transplantation procedures because of their age, natural resiliency, and 
the indisputably tragic outcome of the disease with conservative treatment. 
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Biliary atresia had been the main indication for liver transplantation 
reported to the Registry of the ACS/NIH by 1/1/74. (5). Seventy-two 
out of 199 transplants had been performed for biliary atresia. Fifty-
three children had orthotopic transplantation, and 19 had the heterotopic 
procedure. The overall survival rate after these heroic procedures has 
been extremely poor. Of the 72 patients, 8 survived for 1 year, 4 for 2 
years, 2 for 3 years and 1 for 4 years. In individual large centres 
however, the results are more promising. Starzl (187) has had good short-
term results using the orthotopic procedure, while Fortner (70) has re-
vived interest in auxiliary transplantation due to his recent success with 
the technique in children with biliary atresia. 
Practical and ethical reservations may exist with regard to doing such a 
major procedure in a small child. However, with our present state of 
knowledge, liver transplantation appears to offer the only chance of sur-
vival for the 92% of these patients who are destined to die. 
Primary liver cell carcinoma is on the average the most rapidly lethal of 
all neoplasms (121). Once the diagnosis has been established, survival 
times have been quoted, in months, as 3,2 (Gustafson 79), 3,75 (Spatt 176), 
4 (Berman 25), 6 (Bagshawe 17) and 7 (Lennner 110). The disease is connnon, 
and is known to have a higher incidence in African and Asian countries 
than in Western countries, and in general there is a tendency for its inci-
dence to increase throughout the world (114). The autopsy incidence 
varies from 5,7% (South Africa); 5,5% (Taiwan) to 0,21% in the U.S.A. (114). 
The uniformly poor results of all types of therapy have been adequately 
reviewed by Lin (114). External radiotherapy, internal irradiation with 
intra-arterial radioactive isotopes, and chemotherapy by intravenous, 
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intraportal and intra-arterial routes, have all failed to increase the 
survival rates, although some palliation has been reported. Surgical 
measures, such as hepatic artery ligation, complete de-arterialisation 
of the liver, and selective hepatic portal venous ligation have likewise 
failed to produce any significant increase in survival. 
Hepatic resection has provided a few long term survivors, but the overall 
mortality remains unacceptably high. Lin (114) analysed 271 cases of 
hepatoma. On preoperative assessment, 72, 6% were considered "operable" 
but only 30% proved to have resectable lesions. Two-thirds of the resected 
patients died within one year, mainly as a result of local recurrence or 
distal metastases. In 1973 (115) he reported 9 patients who had survived 
more than 5 years, out of 97 hepatic lobectomies for primary liver cell 
cancer. Balasegaram (18) reported that less than 7% of 300 hepatomas, 
in his series, were considered suitable for resection, and that he had had 
only 3 patients with 5 year survival. 
results. 
Ong (139) reports equally dismal 
The uniformly hopeless results of all forms of therapy, including hepatic 
resection, clearly indicate that some other form of therapy is required. 
By 1/1/74, 53 liver transplants had been performed for primary hepatic 
malignancy (5). Three patients survived for more than 1 year, and 1 for 
4 years. Many of the transplanted patients developed local recurrence 
or distal metastases after transplantation, a distressing phenomenon that 
has caused many authorities to abandon liver transplantation as a form of 
treatment for hepatoma. Williams (109), however, reports a five year 
survival without recurrence in a patient in whom a massive hepatoma was 
the indication for transplantation. Her subsequent quality of life was 
such that she was able to go back to work, look after her family, and 
travel extensively (221) 
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Significant improvement in the overall mortality of liver transplantation 
may well make this procedure the treatment of choice for small hepatomas 
confined to the liver, as total extirpation of the liver would probably 
carry less risk of recurrence than hepatic resection. There appears to. 
be no place for auxiliary transplantation in the management of hepatoma. 
Cholangiocarcinoma has an entirely different malignant potential compared 
to hepatoma. With relief of the large duct obstruction, liver function 
can be preserved (163), and the patients may remain asymptomatic for 5 
years or longer. Relief of the obstruction by means of a ti-tube 
(Terblanche 200) is a lesser procedure than transplantation, and has none 
of the hazards of innnunosuppression. Unless the results of liver trans-
plantation can be drastically improved, there appears to be no indication 
for the procedure in cholangiocarcinoma (199). 
The mortality rate from hepatic coma due to acute or subacute liver cell 
necrosis is one of the highest among liver diseases (1). The problems of 
fulminant hepatic failure have been thoroughly reviewed by Abouna (1), 
Breen and Schenker (30), Rueff (149) and Saunders (154), and critically 
aired at the 1973 Cape Town Liver Congress (153). Only 5- HJ'% of patie11t s 
with fulminant hepatic failure survive despite the most intensive treat-
ment. Encephalopathy, hypoglycaemia and the haemorrhagic diathesis (225) 
have been the main causes of death in these patients. The use of 
steroids, exchange transfusions, cross circulation, plasmapheresis, extra-
corporeal liver perfusions, haemodialysis, L-Dopa therapy and other 
measures such as hyperbaric oxygenation have not added materially to the 
survival rate. Charcoal-column ion-exchange haemoperfusion has been 
reported (61), but it is too early to assess the results of this new 
development. 
10. 
The rationale behind these forms of therapy is to keep the patient alive 
until the liver has regenerated, and to provide optimum conditions for 
regeneration. However, regeneration is not inevitable (154). 
The methods of treatment outlined above are all temporary and intermittent, 
and in the event of failure of liver regeneration, the patient is doomed 
to die. 
The treatment of acute liver failure by means of liver transplantation is 
theoretically attractive, especially the concept of using an auxiliary 
liver. The placement of a second liver would provide continuous support 
during the critical period, and if regeneration occurs in the host liver, 
the auxiliary liver could be removed. In the event of nonregeneration of 
the host's own liver, the graft could be retained. 
The dangers of the donor liver being affected by the hepatotoxin or virus 
that afflicted the host's liver are self evident, but, in the experimental 
animal, auxiliary grafts have proved to be lifesustaining in animals in 
whom acute liver failure has been produced by a variety of toxins and sur-
gical procedures (21, 107, 108, 113). By 1/1/74, 17 patients had under-
gone liver transplantation for hepatitis or hepatic necrosis (5), 4 of 
whom had survived for more than 1 year. 
Patients with hepatic-based inborn errors of metabolism have been success-
fully treated by transplantation (58, 78), and as these diseases become 
more clearly understood and delineated, this may well become a fruitful 
field for the transplant surgeon. By 1/1/74, 2 patients with Wilson's 
Disease had been treated by orthotopic transplantation, and both were 
alive 4 years after transplantation (5). 
Liver transplantation is possibly also indicated in patients with 
irreparable damage to the biliary ducts, and in irreparable trauma of 
the liver. 
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In all these diseases, it has been established that the presentday methods 
of medical, surgical and radio-therapeutic treatment are inadequate, and 
that some other fonn of therapy is required. There are strong theoretical 
indications for the removal and replacement of the damaged liver in some 
diseases, or for the implantation of a second liver to provide more 
adequate function on a temporary or permanent basis in others. 
Clinical liver transplantation has not, to date, added significantly to the 
overall survival of these patients, but individual good results (192) 
even at this early stage in the d.evelopment of transplantation, have indi-
cated the rich potential of the procedures. 
It appears imperative that further laboratory studies be undertaken to 
investigate the many technical and metabolic problems that have led to 
the poor results in liver transplantation. Improvement of the overall 
mortality may then enable us to offer the patients with these fatal liver 
diseases, a chance of survival sufficient in both quality and length. 
RESULTS AND CAUSES OF FAILURE IN CLINICAL LIVER TRANSPLANTATION 
1. International Results and Causes of Death in the First Week 
By 1/1/74, the Organ Transplant Registry of the ACS/NIH (5) had listed 
199 patients who had been treated by means of liver transplantation. 
The cases had been reported from 39 transplant teams in 14 countries. 
The accutm.1lated survival figures are listed in the table below. The 
survival pattern is distressingly poor. 
Survival 
1 Yr. 2 Yr. 3 Yr. 4 Yr. 
Total number of patients 199 21 9 5 4 
Number living 1/1/74 16 10 5 3 3 
TABLE 1. INTERNATIONAL RESULTS OF LIVER TRANSPLANTATION 
BY 1/1/74 {5) 
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Included in these figures are the results from 1963 to 1970 when liver 
transplantation procedures were still in the early developmental stage, a~ 
evidenced by the high immediate mortality in these earlier cases. By 1970, 
109 liver transplant operations on 107 recipients had been reported to the 
Registry (4). Details of 106 of the patients were made available. 
Analysis of the details in 106 patients revealed that 39 patients (37%) 
had died intra- or immediately postoperatively, or within the first week. 
These early deaths were due to, in order of frequency, haemorrhage, cardio-
13F. 
Type of No. of' No. of 
Biliary Reconstruction Cases Bile Leaks 
' 
End-to-end CBD-CBD 6 3 
GB-CBD 6 3 
GB-Jejunum 5 4 
CBD ~ Conman bile duct GB= Gallbladder 
' 
TABLE 2 THE INCIDENCE OF BibE LEAKS IN 
THE KI NG I S COLLEGE/ ,~MB RIDGE 
SERIES (224) 
respiratory complications, thrombotic or non-thrombotic vascular occlu-
sion to the grafts, metabolic complications, hepatic failure, sepsis, 
peritonitis and prolonged hypotension. These complications could be 
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anticipated when performing any new major surgical procedure on critically 
ill patients. Rejection was thought to be the cause of death in only two 
of the patients who died within the first week. Twenty three of the early 
deaths occurred in 75 patients subjected to orthotopic transplantation, 
while 16 early deaths occurred in 31 patients subjected to heterotopic 
transplantation. Since then, the inunediate mortality has improved 
considerably in centres with wide experience (Starzl 183). 
2. Complications and deaths related to the Biliary Tract 
The causes of failure in clinical liver transplantation have recently been 
well documented by the King's College/Cambridge (224) and Denver (187) 
groups, who together have performed more than 50% of the transplants 
reported in the world. Their results, and those of others (pages 15 & 16) 
have shown that complications related to the reconstruction of the biliary 
drainage tract have been the major cause of death and morbidity in 
patients who have undergone liver transplantation and survived the itmnediate 
postoperative period. 
(1) Complications of the extrahepatic biliary tract 
Williams et al (224) reported that 9 (35%) out of 26 patients in 
the KING'S COLLEGE/CAMBRIDGE SERIES died intra-operatively, or 
in the immediate postoperative period. Of the 17 survivors, 9 
subsequently developed external biliary fistulae, while 1 developed 
a localised anastomotic leak. Three types of biliary reconstruc-
tion were used, and leaks developed with all three methods, the 
incidence being shown in the Table on the opposite page. 
Three of the patients in whom biliary leaks occurred, were also 
shown to have developed biliary calculi and biliary sludge. One 
patient who evidenced no leak, had developed biliary sludge and 
calculi. Thus 11 (64%) of the 17 survivors had some form of extra-
hepatic biliary tract complication, and in 10 patients (58%) biliary 
tract complications were directly responsible for death. 
In addition, it has recently been reported that the longest survi-
vor in the series died more than 5 years after transplantation from 
biliary tract obstruction and sludge (109). She had been well since 
the transplant, performed as treatment for primary hepatoma, and 
showed no evidence of tumour recurrence. 
Rejection accounted for only 3 (18%) deaths in the King's College/ 
Cambridge series, infection for 3 (18%) and tumour recurrences 
for 2 (11%) deaths. 
Starzl et al (187) reported an equally high number of potentially 
fatal extrahepatic biliary tract complications from the large DENVER 
SERIES. In 82 cases of orthotopic transplantation, the initial 
biliary reconstruction was eventually shown to be unsatisfactory, 
leading either to death or early re-operation in 25 cases (an inci-
dence of 30%). The potential frequency may have been even higher, 
since many patients died so early postoperatively that biliary tract 
problems would not yet have been manifest. Attempts at secondary 
repair aided only 4 of the 13 patients in whom repair of the biliary 
tract complications were attempted. 
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The Denver group used 5 different methods of biliary tract reconstruc-
tion, only 1 of which proved to be trouble-free, as shown in Table 3 
on the next page. 
lSF. 
Type of Biliary Reconstruction 
Bi 1 iary- Bil iary-enteric biliary 
CBD-CBD GB-DUOD ROUX-Y CBD-DUOD 
CBD-LOOP 
GB-·JEJ -JEJ 
Number 9 59 8 4 2 
Obstruction o 15 2 o o 
Fistula 5 2 o 1 o 
GB = Gallbladder CBD = Common bile duct 
lllOD = Duodenum JEJ = Jejunum 
TABLE 3. COMPLICATIONS FROM THE BILIARY TRACT RECONSTRUCTION 
(DENVER SERIES 187) 
Common bile duct to connnon bile duct anastomosis resulted in 
a leakage rate of 55% while direct biliary enteric anastomosis 
showed a 23% rate of obstruction. In three patients who died 
from obstructive biliary complications, the obstruction was 
clearly iatrogenic, and in retrospect, could have been avoided. 
Overall the Denver group reported 18 recipients who survived 
more than 1 year, 9 for more than 2 years, and 2 for more than 
4 years. 
Of the 64 patients who survived for less than 1 year, the single 
most important factor leading to death was a series of technical 
misadventures, of which complications from biliary tract recon-
struction head the list. Poor control of rejection and systemic 
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infection were the next most important causes of early death. Ten 
late deaths occurred from infection, recurrent cancer, and rejec-
tion. 
Extrahepatic biliary tract complications in human transplanta-
tion have bee~ reported from OTHER CENTRES. Najarian (4) reported 
infarction of the gallbladder in one patient, and necrosis of the 
gallbladder with a bile leak at the cholecystoduodenostomy in 
another. Absalon (2) reported common bile duct necrosis with 
bile peritonitis following heterotopic transplantation in a 
child. Fortner (68, 69) has reported bile leaks in both ortho-
topic and heterotopic transplantation of the liver. Aune (15) 
reported evidence of obstruction when using a cholecystochole-
dochostomy and Fonkalsrud (67) reported disruption of a 
cholecystogastric anastomosis in a heterotopic transplant. 
(2) 
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Other Complications associated with the Biliary Drainage Tract 
The spectrum of serious and fatal complications related to the re-
construction of the biliary tract, extends far beyond the obvious 
mechanical and technical complications of the extrahepatic biliary 
tract, which have been discussed in the foregoing pages. Intra-
hepatic sepsis, generalised septicaemia and intrahepatic 
cholestasis, have frequently been encountered in clinical liver 
transplantation in different centres - Denver (71, 120, 128, 179, 
186, 187, 193), New York (68), England (32, 135, 222, 224, 226), 
and in Scandinavia (15), and are thought to be due to, in part, 
the type of biliary drainage used. 
The intrahepatic sepsis that has been reported in man, has 
ranged through clinical evidence of ascending cholangitis, his-
tologically and bacteriologically proven cholangitis, liver 
abscesses, and septic infarction of the liver. Liver sepsis 
has occurred both with, and without evidence of obstruction 
to the donor biliary drainage tract. The problem of intra-
hepatic sepsis was investigated in the experimental laboratory 
by the Denver group (31). They defined three factors which 
appeared to play a part in the development of intrahepatic 
sepsis following liver transplantation. These factors were:-
(a) Ischaemic injury to the liver 
(b) Immunological injury to the liver - "Rejection Injury'' 
(c) Attenuation of the host's capacity to resist infection 
(due to irnmunosuppression) 
In addition, they showed that the portal vein and biliary 
drainage tract, were the sources of entry for the organisms 
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from the gastro-intestinal tract and duodenum respectively. 
This is in line with Calne's experience (32) in which he found 
a high incidence of cholangitis in pigs and monkeys following 
transplantation with biliary drainage via cholecystoduodenostomy, 
and a low incidence when bile duct to bile duct anastomosis was 
used. 
Both the Denver (71) and King's College/Cambridge (135) groups 
have encountered bacterial septicaemia and systemic infections 
as coIInnon and fatal complications following human liver trans-
plantation. In a high proportion of patients the bacteraemia 
or focal sepsis was due to endogenous bowel-based organisms 
(E.coli, B. fragilis, Aerobacter klebsiella, Pseudomonas sp.), 
and the incidence and severity of the infections due to bowel-
based organisms was greater than that seen following renal 
transplantation (71). With further experience the Denver 
group (187), have encountered bacteraemia both early and months 
after liver transplantation, often without the detection of a 
focus of infection. These findings have led to the proposal 
that the donor liver was the site of entry, and the portal 
vein and/or the extrahepatic biliary tract the portal of entry 
( 187). Starzl feels that the latter portal of entry is of more 
importance than the former. The Denver group suggests that the 
donor liver becomes bacteriologically "porous", and that bac-
terial "leak" occurs into the systemic circulation, with or 
without evidence of cholangitis. Starzl further proposes that 
' the biliary drainage should be removed as far as possible away 
from the mainstream of the gastrointestinal tract, which he 
achieves by the use of cholecystenterostomy-en-y, and Calne 
(32) by the use of choledochocholedochostomy or cholecysto-
choledochostomy. 
Intrahepatic cholestasis has frequently been encountered in 
clinical liver transplantation, with and without evidence of 
extrahepatic biliary tract obstruction. The ischaemically 
damaged liver inunediately after the transplantation operation 
cannot produce normal bile in normal volumes, and there is a 
tendency for precipitates to form (32). The cholestasis seen 
in inununosuppressed, allografted livers is accompanied by ele-
vated bile viscosity and diminished biliary output. "In addi-
tion to the operative ischaemic damage, biliary secretion may 
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be unfavourably influenced by immunosuppressive treatment itself, 
especially the drug azathioprine which causes cholestasis; by 
immunological rejection and by ascending cholangitis. Analysis 
of the contributions of each of these factors in an individual 
case can be extremely difficult" ( 32) • Waldram (215) suggests 
that the effect of infection on bile composition may be important 
in producing precipitates. 
The Achilles heel of clinical liver transplantation has thus been shown in 
many centres to be reconstruction of the biliary tract. It is a distres-
sing fact that the apparently simplest part of a major procedure should 
cause the death of so many patients who have survived the immediate 
postoperative period, and in whom adequate immunosuppression seemed to 
have been achieved. 
Clearly, the problems relating to biliary tract reconstruction need to 
be investigated intensively before any further advance in survival can 
be achieved. 
3. Complications and failure related to Rejection 
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Starzl ( 192), Calne and Williams (224) have all listed systemic infec-
tion and rejection as causes of death in several of their patients. 
Both the Denver and King's College/Cambridge groups have emphasised the 
extreme difficulty in the early diagnosis of rejection, and its differen-
tiation from sepsis, biliary tract leaks and obstruction, and other 
complications. 
Injudicious use of innnunosuppressive therapy may unnecessarily depress 
the body's defence mechanisms and predispose to further infection, 
while failure to recognise and treat rejection may result in irreversible 
graft rejection. The problem of the diagnosis of rejection requires 
further investigation, and will be discussed in more detail on pages 
30-32. 
ADVANTAGES OF, AND PROBLEMS ASSOCIATED WITH, AUXILIARY HETEROTOPIC 
LIVER TRANSPLANTATION 
1. Theoretical Advantages 
Auxiliary heterotopic liver transplantation is the transplantation of 
an additional healthy liver into a subject without removal of the recip-
ient's own diseased liver. The concept of auxiliary liver transplanta-
tion in non-neoplastic diseases is attractive, and has many theoretical 
advantages. 
(1) Transplantation without hepatectomy would appear to be simpler 
technically, less time-consuming and less stressful to an al-
ready critically ill patient, than hepatectomy plus orthotopic 
transplantation. 
(2) In potentially reversible liver disease it could fulfil several 
roles. Auxiliary transplantation would help to keep the patient 
alive during the time required for the patients own liver to 
regenerate (all other types of hepatic support having been shown 
to be inadequate). In the event of adequate regeneration and 
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recovery of function, the auxiliary graft could be removed with 
subsequent benefit to the patient who would no longer be subjected 
to immunosuppressive therapy. Should the host's liver not 
recover function, the graft would serve as a permanent replace-
ment, while the patient's own damaged liver may be retained or 
removed. 
(3) In chronic irreversible liver disease, the auxiliary graft 
could help to maintain more adequate liver function. The 
patient's own liver would provide lifesaving protection for the 
patient during the period of establishment of graft function, 
and during rejection episodes. Should the graft fail to func-
tion, it could be removed leaving the patient little worse off 
than he was prior to transplantation. 
(4) In critically ill patients who would be unable to withstand 
hepatectomy plus transplantation, an auxiliary graft would 
assist in improving the patient's general condition to the ex-
tent where he would be fit enough to undergo removal of his 
own liver. 
(5) In end stage cirrhosis with portal hypertension and variceal 
haemorrhage, the portal pressure could be lowered by diverting 
the portal blood into the healthy auxiliary graft with innnediate 
decrease in bleeding, and eventual improvement in the patient's 
coagulation and nutritional status, whereafter the cirrhotic 
liver could be removed as a precaution against the development 
or spread of hepatoma. 
(6) Auxiliary transplantation would permit the use of small donor 
livers, for example from anencephalic monsters (68), in older 
patients for whom a suitably sized donor liver for orthotopic 
transplantation is not available. 
(7) The auxiliary technique has been advocated as a palliative 
procedure (69) in patients with irresectable slow-growing 
malignancy which obstructs biliary outflow, or portal inflow, 
although this indication is debatable. 
(8) The theoretical concept of using auxiliary liver xenografts 
from abbatoir animals (7) or primates, on a temporary or per-
manent basis, is extremely attractive, although at present the 
innnunological problems appear insurmountable. 
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Experimental and clinical practice has, to date, exposed problems which 
have almost nullified all the theoretical advantages of heterotopic 
auxiliary transplantation. In clinical transplantation, only 39 
auxiliary transplants had been performed by 1/1/74, of whom only 1 
patient (2,5%) had survived for 1 year or longer (5). Twenty out of 
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160 patients who had undergone orthotopic transplantation had survived 
for 1 year or longer (12,5%). The problems encountered in clinical 
and experimental auxiliary liver transplantation have led many people to 
abandon the concept as a practical one. 
Fortner (70) has recently revived interest in heterotopic transplanta-
tion by reporting successful transplants in 2 children. 
2. Problems associated with Auxiliary Transplantation 
The theoretical and practical problems associated with auxiliary trans-
plantation will now be discussed. 
(1) The problem of space 
It has been argued that the placement of a large additional organ 
such as the liver, into the abdominal cavity may totally prevent 
closure. This problem has been encountered clinically by Fortner 
(69) and by Hume (cited by Starzl 187). Forced closure may 
result in respiratory complications, compression of intra-
abdominal organs, kinking of vasculature with subsequent hae-
modynamic problems, and poor wound healing with eventual 
dehiscence. 
Solutions to this problem would appear to be the gradual pre-
operative enlargement of the abdominal cavity, the transplantation 
of small or partial grafts (209), or the removal of other organs 
such as the spleen or kidney to create space (2, 43). In 
patients with gross ascites, space will have been gradually in-
creased. The same result has been achieved by the use of 
repeated pre-operative pneumoperitoneum (69). The terminal 
stage cirrhotic liver will already have decreased in size, 
partially solving the problem of space. 
The provision of small grafts is a logistic problem limited 
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at present by our inability to store livers for prolonged periods, 
and by public disinclination to donate organs from children. 
The liver is extremely sensitive to hypotension, anoxia and 
handling, and the time and trauma involved in preparing partial 
grafts, combined with the potential complications of haemorrhage 
and bile leaks, would tend to militate against this procedure. 
The problem of space has been investigated in a cadaver study 
in Part I of the presentation. 
(2) The problem of position 
The finding of a bed suitable for an additional liver in hetero-
topic liver transplantation has taxed the ingenuity of many 
workers (23). In orthotopic liver transplantation, the donor 
liver is placed in a preformed bed with relatively simple anatomi-
cal and physiological vascular reconstruction. The only vari-
ant open to contention is the method of biliary drainage. 
The heterotopic graft must of necessity find different resi-
dence. Through the period of experimental development of the 
technique, partial and whole liver grafts have been placed in 
the right (24, 204) and Left (80) upper abdomen, right (76, 126, 
155, 159) and left (129, 164, 201) lower abdomen, the thoracic 
cavity (129, cited 201, 207) the groin (189) and the neck (166, 
173, 189). 
With the liver in the orthotopic position, the hepatic veins 
drain into an area of negative pressure which fluctuates with 
respiration (85, 133). This benefits circulation within the 
liver. In addition, the diaphragm exerts a massaging action 
on the liver, further aiding its circulation (63). 
Jerusalem (100) has shown that pressure in the inferior vena 
cava increases proportionately to the distance from the right 
atrium, while the fluctuations in pressure are inversely related 
to the distance from the right atrium. These findings have 
been substantiated by Novak (138), Van der Heyde (207) and Hess 
(85), and it has been shown that pressure in the inferior vena 
cava distal to the renal veins is high enough to cause hepatic 
venous outflow obstruction and graft damage. 
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These findings suggest that a heterotopic graft should drain into 
the inferior vena cava as close to the diaphragm as possible to 
avoid damage due to outflow obstruction, and to benefit from the 
massaging action of the diaphragm and the intermittent fluctua-
tion in vena caval pressure. This will preclude extra-abdominal 
auxiliary grafting, and limit intra-abdominal sites to the upper 
abdomen. 
In addition, it has been shown that a long donor vena caval seg-
ment increases the hepatic venous outflow pressure (85, 100) 
and predisposes to outflow obstruction by virtue of kinking and 
twisting (137, 138, 206, 208). It has been suggested that 
the vena caval segment used for anastomosis to the inferior 
vena cava should be cut flush with the liver to avoid these 
hazards. 
Thus high implantation plus a minimal donor vena caval cuff 
would appear to offer the best combination for optimal drain-
age of venous blood from the liver. In addition, Irrnnelman has 
shown that outflow via the suprahepatic vena cava is preferable 
to that via the infrahepatic cava (personal corrnnunication). 
(3) The problem of creating satisfactory vascular circuitry 
The creation of anatomically and physiologically satisfactory 
vascular circuits in auxiliary transplanation has been fraught 
with problems, many of which are of contentious nature (85, 138, 
148, 156, 171, 185, 210, 211,213, 218). The requirements for 
satisfactory hepatic venous drainage have already been discussed. 
In its normal position, the liver has a dual blood supply -
hepatic arterial and portal venous. It is known that liga-
tion of the hepatic artery in man may lead to massive necrosis 
or infection of the liver (104, 122), but that these sequelae 
are not inevitable because of collateral arterial blood supply 
to the normal liver. In the transplant situation, no collater-
als exist ab initio, and transplantation without a hepatic ar-
terial inflow may result in both hepatic infection and infarc-
tion, and may seriously compromise the blood supply to the 
gallbladder, cystic and common bile ducts. These problems may 
well negate the efforts of those who have attempted auxiliary 
transplantation using a portal venous blood supply only (85, 
105, 132, 166, 228). 
Depriving the liver of direct access to portal blood by means of 
a portacaval shunt has been shown in animals (27, 168, 175) to 
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cause shrinkage of the liver. Child (41) has shown, by means 
of experimental portacaval transposition, that the shrinkage in 
livers following portacaval shunting is due to a decrease in 
the volume of blood flowing through the liver, and suggested 
that lack of "regenerative factors" contained in portal blood 
may play an additional role in inducing the shrinkage. Mar-
chioro (125, 127) showed conclusively that non-hepatic splanch-
nic venous blood had a hepatotrophic influence, and that lack 
of portal blood itself caused liver shrinkage, even if an 
equivalent volume of systemic venous blood was directed through 
the liver. 
These observations in non-transplanted normal livers would tend 
to indicate that a whole or partial liver requires both an ar-
terial and portal venous blood flow for prevention of ischaemic 
complications and atrophy. 
These principles have been shown to be applicable in experimen-
tal auxiliary liver transplantation. Starzl (191) and others 
(43, SO, 51) have shown that atrophy rapidly develops in auxi-
liary liver transplants which do not have this dual blood supply. 
It has been shown repeatedly that transplantation of an auxi-
liary graft without any disturbance to the host's own liver, 
results in rapid atrophy of the donor liver, even if the donor 
liver is supplied with an equivalent volume of systemic venous 
blood through its portal system (146, 191, 201, 202, 203). 
Others have shown that a host portacaval shunt (81, 166) pre-
vents some of this graft atrophy. Marchioro (126) and others 
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(39) have shown that this atrophy can be prevented by passing all 
the portal blood through the graft. Ranson (147, 148) has fur-
ther proved that an important factor or factors are present in 
the portal blood derived from the gastro-pancreatic-splenic bed, 
while Orloff (141) has suggested that the pancreas is the site 
of origin and Starzl (185) suggests that insulin and glucagon 
are the main hepatotrophic factors. 
All these studies have indicated that portal venous blood con-
tains a substance or substances essential for the maintenance 
of size and function in a liver, or a liver graft, and that most 
or all of this "hepatotrophic factor'' appears to be extracted by 
the liver that has primary access to the portal blood. 
It thus appears that the creation of optimal conditions for 
success in auxiliary liver transplantation demands that the 
donor liver should have an adequate hepatic arterial inflow, 
plus an adequate inflow of portal venous blood. Anatomically 
these anastomoses can be constructed more readily in the upper 
abdomen than in the pelvis or any extra-abdominal position. 
This subject is further discussed in Part I of this presentation. 
(4) The problem of biliary drainage 
The construction of biliary drainage can be divided into two 
basic methods in both heterotopic and orthotopic liver trans-
plantation. The first method affords direct bile drainage 
into the bowel (biliary-enteric), while the second utilises 
the recipient's own distal biliary tract (biliary-biliary), 
thus permitting final drainage through the sphincter of Oddi. 
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The unacceptably high rate of fatal biliary tract complications 
in human liver transplantation has been outlined on pages 13-17. 
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Serious or fatal biliary tract complications have not been limited 
to human experience. The same spectrum of complications has 
been seen in many centres where experimental liver transplanta-
tion has been practised. The biliary tract complications re-
ported may be divided into two types - macroscopically obvious 
complications of the extrahepatic biliary apparatus, and micro-
scopic complications of the intrahepatic biliary tract seen on 
histological sections. 
For the purposes of this discussion, the extra-hepatic biliary 
apparatus consists of the gallbladder, cystic duct, conunon duct 
and extra-hepatic hepatic ducts. 
Of the extra-hepatic biliary tract complications, anastomotic 
leaks or complete anastomotic breakdown with bile peritonitis, 
have been reported in both dogs (165, 171, 172) and pigs (113) 
in heterotopic transplantation, and in dogs (42, 191, 195) and 
pigs (19,42, 130) in orthotopic transplantation. Necrosis of 
the gallbladder or bile duct has been reported with both trans-
plant techniques in the dog (120, 201) and in pigs (42, 111). 
Anastomotic strictures have been reported in pigs (95) and dogs 
(124, 146, 172). Biliary sludge, gallstones and suture con-
cretions have also been reported (19, 42). 
The intrahepatic biliary tract consists of the canaliculi, bile 
ducts and ductules for the purposes of this presentation. 
The intrahepatic biliary tract complications have been choles-
tasis, cholangitis and cholangitic abscesses. These compli-
cations have been reported in heterotopically transplanted dogs 
(21, 81, 100,108, 119, 124, 134, 146, 160, 171, 172, 208, 212, 
217) and pigs (97) as well as orthotopically transplanted dogs 
and pigs (3, 19, 31, 33, 34, 35, 36, 42, 55, 72, 94, 95, 120, 
131, 190, 191, 195). The development of cholestasis, cholan-
gitis and cholangitic abscesses appears to be related to the type 
of biliary tract drainage that is used. This relationship has 
been demonstrated clearly by Dent (55). Using an orthotopic 
porcine model, he· showed that direct biliary-enteric anastomosis 
by means of a cholecystoduodenostomy led to a high incidence 
of cholestasis and cholangitis in both allo- and autografts. 
These complications were significantly less when using a direct 
bile duct to bile duct anastomosis in similar groups of animals. 
Similar findings have been reported by Calne (32), and MacSween 
(120), while Lempinen (112) reports 2 completely satisfactory 
long term results with choledochocholedochostomy. 
Immelman (99), working in the same laboratory, has reported re-
sults similar in principle to those of Dent, when using a hetero-
29. 
topic porcine model. In Iuunelman's animals, a gallbladder to gall-
bladder anastomosis produced significantly less cholestasis and 
cholanaitis than biliary drainage via a Roux-Y cholecystojejunos-
temy or external biliary drainage. 
There appears to be little doubt that direct biliary enteric 
anastomoses predispose to cholestasis and cholangitis, and that 
the incidence of these complications is less when utilising the 
recipient's distal biliary tract for final bile drainage. The 
exact role played by the sphincter of Oddi in preventing these 
complications is uncertain. 
The upper abdomen is best suited to biliary-biliary anastomosis 
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in auxiliary liver transplantation and provides a further indi-
cation for placement of grafts as close to the diaphragm as possible. 
The problems associated with biliary tract reconstruction form a 
major part of this presentation and have been investigated in 
the human cadaver study in Part I, and in a heterotopic porcine 
transplant model in Part II. 
(5) The problem of the diagnosis of rejection 
All major surgical procedures on the liver or biliary tract 
have a significant incidence of complications which tax the 
diagnostic and management skill of the surgeon. In liver 
transplantation these postoperative problems are further com-
plicated by the occurrence of varying degrees of rejection, and 
by the use of immunosuppresive drugs that are known to have 
wide-ranging malevolent side effects. 
In all organ transplantation, the continued viability of the 
graft is largely dependent on the early identification of re-
jection and the prompt institution of correct treatment. In 
both clinical and experimental liver transplantation the early 
detection of rejection per se, as well as its differentiation 
from cholangitis, cholestasis and other complications, has re-
mained a major problem. (6, 15, 32, 204, 223). 
The presence of two livers in auxiliary transplantation com-
pounds the problem of the early diagnosis of rejection, as func-
tion, or dysfunction of the recipient's own liver (75) may 
modify clinical, biochemical, haematological and other factors, 
and render them invalid as an index of graft status. Tests 
based on immunological changes, such as the leucocyte migra-
tion test (60) are in their infancy, and have not proved to be 
of consistent value in the diagnosis of rejection (19, 59). 
Angiographic and radio-isotopic (66, 204, 217) methods are ex-
pensive, and repeated investigations expose the patients to 
excessive irradiation and add to the already costly therapeutic 
regime. In the presence of two closely apposed livers, per-
cutaneous needle biopsies are unreliable, and repeated lapara-
tomies for diagnostic purposes are impractical. 
An urgent need exists to develop a method of diagnosing the 
onset and degree of rejection at an early stage. Ideally, a 
single easily reproducible test is required that can be done 
on a daily basis, and that reflects the status of the graft 
only. 
At present, no such test exists, and rejection and other com-
plications are identified by the combination of clinical fea-
tures, a battery of biochemical and haematological investiga-
tions, immunological studies, radiographic investigations, 
radio-isotopic studies and often culminate in percutaneous 
needle biopsy or possibly even laparotomy (180). The whole 
process of elimination is onerous and dangerous to the patient, 
and costly in terms of staff time and money. 
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Immelman (97) has suggested that the cerebrospinal fluid (CSF) 
glutamine levels may be a useful index of donor liver function 
in auxiliary liver transplantation. A controlled, comparative 
study of the relationship between donor liver quality and CSF 
glutamine will be presented in Part III of this experimental 
work. 
CRITERIA FOR SUCCESSFUL HETEROTOPIC TRANSPLANTATION 
32. 
The foregoing resume of the clinic~l and experimental experience in both 
orthotopic and heterotopic liver transplantation enables one to propose 
a set of theoretical criteria essential for optimum function and main-
tenance of graft size in auxiliary transplantation. 
The donor liver should have:-
(1) Adequate space for its accommodation 
(2) Adequate low pressure hepatic venous outflow 
(3) An adequate arterial inflow to both liver and biliary tract 
(4) An adequate portal venous inflow 
(5) Adequate, secure, non-obstructive biliary drainage with utili-
sation of the host's own biliary tract where possible 
(6) Adequate fixation to prevent kinking of blood vessels and 
biliary tract. 
In addition, the transplant team should have at its disposal, a simple, 
reliable test for distinguishing between rejection in the donor liver, 
and other complications. 
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SOLUTION OF SOME OF THE PROBLEMS BY A NEW TECHNIQUE 
In 1972 Innnelman (97) reported a new technique of auxiliary liver trans-
plantation in the pig, which closely approaches the ideal criteria men-
tioned on page 32. The technique provides a near-physiological en-
vironment for the donor liver, while at the same time providing a handicap 
to the host liver function. 
Innnelman's description of the technique is as follows:-
11 The liver is inserted innnediately caudal to the host 
liver. Venous drainage is via the suprahepatic cava 
with anastomosis to the host suprarenal vena cava. 
Venous inflow is via end-to-end portal vein anastomosis, 
thus depriving the host liver of direct access to portal 
blood. An arterial supply is provided from the donor 
aort~' 
In 25 animals biliary drainage was by direct gallbladder to gallbladder 
anastomosis. 
Using this technique, Innnelman reported good quality grafts with 
avoidance of donor liver atrophy in 9 animals. Histological quality 
was excellent with no evidence of cholestasis or cholangitis (99). 
Thrombotic vascular complications occurred in 6, mild to moderate donor 
atrophy occurred in 4 and severe rejection in 2 animals. 
survived less than 3 days. 
Four animals 
Using the same basic model in 10 additional experiments, he reported a 
high incidence of cholestasis and cholangitis when cholecystenteric 
or external biliary drainage was used (99). His results stressed the 
importance of the type of biliary anastomosis in heterotopic liver trans-
plantation. Dent (55), working in the same laboratory, has made similar 
observations on biliary drainage using an orthotopic pig model. 
In addition, Immelman reported that the study of cerebrospinal fluid 
glutamine levels in a few of the transplant and control animals sug-
gested that this biochemical estimation may offer an index of donor 
liver function during life (97). 
RATIONALE FOR FURTHER STUDIES WITH THE HETER.OTOPIC TECHNIQUE 
The indisputable need for improved forms of therapy for patients with 
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fatal liver diseases has been briefly reviewed. Liver transplantation, 
on a temporary or permanent basis, would, in theory, be an adequate 
curative procedure for many of these patients. In practice, orthotopic, 
and in particular, auxiliary liver transplantation, have not added sig-
nificantly to the survival or quality of life in the group of patients 
who have undergone this form of treatment. 
Major reasons for the poor results have been the problem of donor liver 
procurement and preservation, selection of the optimal stage of the 
disease to perform the transplant, the technical problems associated 
with the operations, and the inability to recognise and treat rejection 
adequately in the postoperative period. These problems are common to 
both the liver transplantation techniques, and indeed, to all forms of 
organ transplantation. 
In both orthotopic and heterotopic liver transplantation, significant 
clinical and experimental failure has been due to complications related 
to the biliary tract reconstruction. 
In addition to these connnon problems, the development and application 
of auxiliary liver transplantation has been hampered by the inability 
of research workers to derive technique which is satisfactory both ana-
tomically and physiologically. 
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It is clear that the results of liver transplantation cannot improve 
unless the technical and management problems can be overcome by compre-
hensive laboratory and clinical investigation. Wide clinical applica-
tion of the technique demands prior solutions to these problems. 
Immelman's heterotopic porcine model appeared to be an advance in auxi-
liary transplantation technique, as it embodied desirable anatomical and 
physiological principles, avoided direct biliary enteric anastomosis, and 
the results were promising. 
however, remained in question. 
The feasibility of the technique in the human, 
From the management point of view, Immelman suggested that CSF glutamine 
might be a valuable index of donor liver function in the heterotopic 
model. The relationship of CSF glutamine to donor liver quality and 
function had, however, not been established decisively. The lack of a 
simple test specific for donor liver function in the heterotopic model 
has been stressed, and demands further investigation of any simple test 
that appears promising. 
In view of the promising theoretical and practical implications of 
Immelman's preliminary report, it was decided to undertake further experi-
mental studies relating to the transplantation technique, and the obser-
vations regarding CSF glutamine. The experimental studies were designed 
and undertaken with three major objectives in view, and will be presented 
in three parts. 
The first objective was to assess the clinical feasibility of Inrrnelrnan's 
heterotopic technique by means of a human cadaver study. All the 
technical aspects of the technique would be assessed, with special emphasis 
on the biliary tract reconstruction. Should any modifications to his 
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original technique be deemed necessary, these would be developed and 
assessed in the cadaver study. The human feasibility study is detailed 
in Part I of this presentation. 
The second objective was to apply any modifications found to be necessary 
in the human cadaver study, to a series of live porcine transplants. 
The effects of these modifications would be assessed, and compared with 
those seen in a parallel series of transplants using Inunelman's unmodi-
fied technique. Pigs subjected to portacaval shunts, and sham laparoto-
mies, would serve as additional controls. 
presented in Part II of this report. 
The comparative study is 
The third objective was to assess fully the value of CSF glutamine as an 
index of donor liver quality in this heterotopic model, and to compare 
its value with the information provided by other biochemical and haema-
tological factors. Cerebrospinal fluid, blood and liver biopsies from 
the animals used in Part II, would be used in this part of the study. 
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P A R T I 
SUMMARY 
The design and conduct of the human feasibility study is described in 
detail. The basic subhepatic liver transplantation technique, as 
described by Innnelman, is shown to be feasible in most of the cadaver 
~. 
transplants that were studied. Reconstruction of the biliary drainage 
tract by means of cholecystocholecystostomy was, however, only possible 
in 50% of the cases. 
A new technique is described, whereby the gap between two widely 
separated gallbladders can be bridged by the interposition of an isolated, 
vascularised, isoperistaltic jejunal loop. Cholecystojejunocholecys-
tostomy could be performed in all the cadaver transplants. The merits 
and demerits of different types of biliary reconstruction are briefly 
discussed. 
41. 
P A R T I 
C H A P T E R 1 
INTRODUCTION AND AIMS OF THE HUMAN STUDY 
INTRODUCTION 
The problems specifically associated with auxiliary liver transplantation 
in man and experimental animals, have been discussed in the Main Intro-
duction. The spectrum of problems ranged through the provision of 
space for the donor liver, the optimal situation for the graft, the 
creation of physiologically satisfactory vascular in- and outflow tracts, 
and the institution of adequate bile drainage. The review of these 
problems led to the formulation of a set of criteria (page 32) that, 
theoretically, would provide the donor liver with optimal conditions 
for adequate survival and function. 
The features of a new technique of liver transplantation, described by 
Inunelman, were reviewed. In principle, Irranelman's technique embodied 
most of the desired criteria. Irranelman had developed the technique 
in pigs, and in his hands the technique had provided highly satisfactory 
results compared to results he achieved using other heterotopic models 
in the same laboratory. 
Inunelman's experience with the technique had been confined to pigs. In 
view of the promising results he reported, a study was designed and under-
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taken to assess the feasibility of the technique in a human cadaver 
study, and to develop any modifications that appeared necessary. 
AIMS OF THE HUMAN STUDY 
The study was designed to answer the following questions: 
1. Is the basic technique described by Inunelman possible in humans 
with regard to: 
(a) The Subhepatic position? 
(b) Linking up the vascular circuits? 
(c) Constructing the biliary drainage by means of a gall-
bladder to gallbladder anastomosis? 
(d) Providing physical stability for the donor liver? 
(e) Accommodating the donor liver within the abdominal cavity? 
2. What modifications would be necessary in the human? 
An early pilot study in human cadavers suggested that the donor and 
recipient gallbladders could not be apposed easily in all cases. 
Consequently the idea was entertained of bridging the gap between the 
donor and recipient gallbladders by the interposition of an isolated, 
vascularised isoperistaltic loop of jejunum. In addition, the 
feasibility of an end-to-side bile duct to bile duct anastomosis would 
be investigated. 
P A R T I 
C H A P T E R 2 
MATERIALS AND 
The study was undertaken in a mortuary. 
transplants were performed. 
DONOR LIVER PROCUREMENT 
METHODS 
Twenty-six human cadaver 
Donor hepatectomy was performed according to the method described by 
Starzl (181), and was basically similar to the technique used in the 
porcine donor hepatectomies, to be described in Part II. 
The suspensory ligaments were incised close to the diaphragm leaving 
an adequate length attached to the liver. The corrnnon bile duct and 
portal vein were isolated, mobilised and transected irrnnediately above 
the second part of the duodenum. The hepatic artery was mobilised 
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from hilum to coeliac axis. A length of thoraco-abdominal aorta bearing 
the coeliac axis was mobilised, and excised in continuity with the hepatic 
artery and liver. 
transected. 
The suprahepatic and infrahepatic vena cavae were 
The liverwithattached vessels was removed from the cadaver, examined 
and weighed. The suprahepatic vena cava was trirrnned flush with the 
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donor was noted. The excised liver was transplanted into as many 
cadavers as time and availability would permit on that day. 
TRANSPIANTATION PROCEDURE 
The recipient's length, build and age were noted. 
1. 
2. 
Preparation of the graft bed 
Where possible, implantation was performed through a long midline 
incision prior to the chest being opened, or the abdominal contents 
being disturbed by the pathologist. 
The ascending colon, right hepatic flexure, right transverse 
colon and duodenum were mobilised and reflected to the left and 
inferiorly, to expose the vena cava and aorta, and to provide a 
bed for the graft, as shown in Figure 1 opposite. 
The recipient's portal vein was mobilised and transected close to 
the hilum of the liver. 
Positioning of the donor liver 
The donor liver was placed in the right paravertebral gutter 
immediately caudal and posterior to the recipient's liver, with 
the hilum and gallbladder facing anteriorly; the suprahepatic 
vena cava directed towards the host's subhepatic suprarenal 
inferior vena cava, and the right lobe directed towards the right 
inguinal region. The left lobe of the donor liver, especially 
if abnormally long, created an innnediate problem for high implanta-
tion. It could be placed either between the host liver and postero-
lateral thoracoabdominal wall, as shown in Figure Sa on page 50F, 
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in which case the liver tended to rotate away from the position 
described by Immelman. The livers were assessed in both positions. 
3. Reconstruction of the vascular circuits 
The short suprahepatic donor vena caval cuff was sutured end-to-
side to the infrahepatic host vena cava as cephalad as possible 
above the renal veins using 000 silk sutures. The host and 
donor portal veins were anastomosed end-to-end with 000 silk 
sutures after vessel lengths had been trimmed to avoid kinking 
and tortuosity. The donor aortic cuff to which the coeliac 
axis and hepatic artery were attached,was trimmed and anastomosed 
end-to-side to the host aorta immediately distal to the renal 
arteries, using 000 silk. Vessel positions and anastomotic 
problems were noted. A sketch of the basic technique is 
illustrated in Figure 2 opposite. 
4. Reconstruction of the biliary drainage tract 
On completion of the vascular anastomoses, three methods of 
biliary anastomosis were attempted in each case. 
methods are illustrated in Figure 3 on page 46F. 
(i) Choledochocholedochostomy (CBD-CBD) 
The three 
An end-to-side bile duct to bile duct anastomosis 
was created between the distal donor common bile duct 
and the host common bile duct, using four 000 silk 
sutures. After assessing the result the anastomosis 
was taken down. 
46F. 
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FIGURE 3 THE THREE TECHNIQUES OF BILIARY DRjAINAGE ASSESSED IN 
THE HUMAN CADAVER STUDY 
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(ii) Cholecystocholecystostomy (GB-GB) 
The fundi of the donor and recipient gallbladders were 
anastomosed end-to-end using four 000 silk sutures. No 
attempt was made to mobilise the gallbladders because 
it was felt that the blood supply from the gallbladder 
beds should be left undisturbed, and the possibility of 
kinking and tension on the cystic ducts should be avoided. 
The result was assessed, and the anastomosis taken down. 
(iii) Cholecystojejunocholecystostomy 
(Interposition of an isolated, vascularised, isoperistal-
tic jejunal loop). (GB-JEJ-GB) 
A loop of jejunum 20-30 ems. distal to the ligament of 
Treitz was brought up through a window made in the mesocolon 
lateral to the middle colic artery. A suitable length 
was selected and transected at both ends and the mesentery 
divided, as shown in Figure 4 on page 47F. 
The vessels supplying the segment were kept intact accor-
ding to the method of Roux (123). The loop was rotated 
through 180° to ensure isoperistaltic flow, and the proxi-
mal end of the loop was anastomosed to the donor gall-
bladder fundus and the distal end to the recipient fundus. 
The loop would thus act as a conduit between the donor 
and recipient gallbladders. After re-establishing jejunal 
continuity, the jejunum was replaced, and the hole in 
the transverse mesocolon closed. The result was assessed, 
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FIGURE 4 THE TECHNIQUE OF JEJUNAL INTERPOSITION IN MAN 
The vascularised jujunal loop (B-C} is brought up 
thraugh the transverse mesocolon, rotated through 
180 , and end C is anas tomosed tc:> the recipient 
gallbladder, and end B to the donor gallbladder. 
Jejunal continuity is re-establhhed by anasto-
mosis of loop A to loop D. Study this diagram in 
conjunction with Figures 18 and l9 on pages 85 and 86. 
apparatus, and tension in the mesentery of the isolated 
loop. 
5. Additional donor liver stabilisation 
The need for additional graft stabilisation was assessed by 
manipulating the graft, and by estimating possible movements 
that would occur with changes in posture. The feasibility of 
creating additional stability for the graft by tethering the 
donor falciforrn ligament and the ligarnentum teres to the dia-
phragm, lateral abdominal wall and suspensory ligaments of the 
recipient, was assessed. 
6. Accouunodation for the donor liver 
The feasibility of acconunodating the graft in the abdominal 
cavity was roughly estimated by attempting to close the abdomen 
in those cases where the normal anatomy had not been unduly dis-
turbed by the autopsy procedure. Closure was attempted using 
1/0 linen suture. 
attempted closure. 
No omentectorny was performed prior to 
At the end of the investigations, the donor liver was removed 
and returned to the donor body. 
47. 
P A R T I 
C H A P T E R 3 
LIMITATIONS AND RESULTS OF THE HUMAN STUDY 
LIMITATIONS OF THE STUDY 
At the outset of the study, defects and limitations of this type of 
study were recognised. 
1. Limitations due to mortuary procedure 
The transplants had to be carried out swiftly, and without dis-
turbance to the daily routine of the mortuary. Of necessity, 
several studies had to be performed after the chests had been 
opened, but with the lungs in situ and diaphragm intact. Photo-
graphy could not be performed for permanent record. Cadaver 
lengths were measured, but the cadavers could not be weighed, 
and in a few cases ages had to be estimated. 
weighed on the mortuary scale. 
2. Limitations due to the cadaver state 
Livers were 
Attempts were made to use livers and cadavers that had not been 
cooled in a refrigerator, but this was not possible in all cases. 
Bodies and organs were often firm and inflexible, making extra-
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• Conge~tive cardiac failure 
SUMMARISED DETAILS OF THE HUMANi FEASIBILITY STUDY 
positions and shapes in the live state may vary from those seen 
in the cadaver state (77). Potential haemodynamic problems 
could not be assessed accurately, nor could the actual effect 
of postural changes be assessed. Attempts at abdominal closure 
might not reflect the true in vivo state. Bearing these defects 
in mind, it was nevertheless felt that useful information had 
been obtained from the cadaver study. 
RESULTS OF THE STUDY 
Twenty-six transplants were studied. The results are summarised in 
Table 4, opposite. The basic technique described by Inunelman in his 
porcine studies, was found to be feasible in most of the human cadaver 
transplants performed. 
1. Preparation of the graft bed 
This proved to be a relatively simple dissection in most cases. 
In obese cadavers with a large perinephric fat pad, the para-
vertebral gutter was shallow, and satisfactory positioning of 
the graft was difficult. In two such cases (Cadavers Nos. 6 
and 11), the graft appeared unstable and projected anteriorly 
49. 
sufficiently to hamper abdominal closure. The question of right 
2. 
nephrectomy to provide a more spacious bed for the donor liver 
may be pertinent to such obese subjects. 
The basic subhepatic position 
The subhepatic placement of small grafts in large recipients 
was technically simple. The larger grafts, and especially those 

















































































































































































































































































































































lobe of the donor liver between the recipient's liver and the 
posterolateral thoracoabdominal wall as shown in Figure 5a 
on page 50F the grafts were provided with additional support, 
but in some cases the grafts appeared liable to compression, 
especially in the face of a host liver of firmer consistency. 
Folding the left lobe of the graft medially across the hilum as 
shown in Figure 5b on page 50F appeared satisfactory until the 
biliary anastomosis was constructed. Any tension of the con-
joined biliary apparatus tended to rotate some of the grafts 
clockwise around an axis running through the gallbladder and 
suprahepatic vena cava, as shown in Figure 6 on page 51F, 
thus twisting the vena caval anastomosis and potentially kink-
ing the portal vein and biliary anastomosis. The former method 
appeared more satisfactory, because it appeared to provide addi-
tional stability, and additional suspension could more readily 
be constructed. 
3. Reconstruction of the vascular circuits 
Vascular circuitry could be established in all cases. The end-
to-side cavo-caval anastomoses could readily be performed and 
appeared technically no more difficult than in the live porcine 
experiments. The possibility of kinking appeared less when 
using a short donor vena caval cuff. The anastomosis could 
easily be placed more caudally if operative circumstances die-
tated this. The portal venous anastomoses posed no problem, 
but this reconstruction would appear to present potential compli-
cations of kinking and tortuosity once all the abdominal contents 
~. 
5IF. 
Rec l plent __ l---f!L--Js.~r-




FIGURE 6 ROTATION Of THE DONOR LIVER 
(With the left lobe of the donor liver folded 
across the hilun, tension oril the biliary 
anastomosis caused the donor liver to rotate 
in the direction shown by the arrow). 
are returned and closure effected. Optimum vessel lengths 
would call for fine judgement. The aortic anastomoses would 
appear to pose few problems in view of the easy accessibility, 
and readily variable lengths of the donor aortic cuffs. 
In conclusion, construction of the vascular circuitry appears 
technically feasible from this cadaver study, but no assessment 
of haemodynamic efficiency could be made. 
4. Reconstruction of the biliary drainage tracts 
(i) Choledochocholedochostomy (CBD-CBD) (Table 5, page 52F) 
End-to-side connnon bile duct to conunon bile duct anasto-
mosis appeared possible and tension-free in 13 cases. 
In 5 cases the tension was moderate and in 3 cases ex-
cessive, and caused moderate to acute angulation of the 
host's common bile duct respectively. This procedure 
would theoretically be possible without tension in all 
cases, if the donor conunon bile duct dissection were 
carried out more distally in the direction of the head 
51. 
of the pancreas. The reported problems of bile duct to 
bile duct anastomosis in the human (discussed in the Main 
Introduction) may militate against this form of anastomosis 
as a first choice in adults. 
(ii) Cholecystocholecystostomy (GB-GB) 
Direct gallbladder to gallbladder anastomosis without 
tension was possible in only 8 cases. Moderate ten-
sion was seen in 5 cases. Seven anastomoses could only 




TF MT ET NP NR 
End-to-side 
Choledochocholedochostomy 13 5 
(CBD-CBD) 
Cholecystocholecystostomy 8 5 (GB-GB) 
Cholecystojejunocholecystostomy 26 0 (GB-JEJ-GB) 
Donor Cholecystojejunostomy 11 26 11 (GB-JEJ) 
TF = Tension Free NP= Not 
MT= Moderate Tension NR = Not 
ET= Excessive Tension 
* 7 Anastomoses only possible with twisting 













of the liver and 
TABLE 5 ANALYSIS OF BILIARY DRAINAGE TECHNIQUES IN THE -----------1--~----





tion of the position of the liver. In six cases appo-
sition of the donor and recipient gallbladders was not 
possible. The limitations imposed by tense cadaveric 
gallbladders and firm livers in this survey, however, 
do not allow for accurate extrapolation to the living 
subject, as livers in the live state are flexible. The 
evidence, however, strongly suggests that gallbladder to 
gallbladder anastomosis would not be possible in every 
case. 
(iii) Cholecystojejunocholecystostomy (GB-JEJ-GB) 
The interposition of a loop of jejunum was technically 
feasible in all cases (Table 5, opposite) and permitted 
tension-free anastomoses with large stomata. No undue 
tension was noted in the vascular mesentery of the inter-
posed jejunal loop. 
(iv) Cholecystojejunostomy (GB-JEJ) 
From the interposed loop findings, it can be extrapolated 
that a direct anastomosis of donor gallbladder to host 
jejunum would also be possible in all cases. 
The human study demonstrates that at least four different types 
of biliary drainage can conveniently be constructed with this 
transplantation technique, and that three of the drainage proce-
dures would satisfy the principle of utilising the host biliary 
apparatus for ultimate drainage, and thus predispose to less 






Age Liver Abdominal Closure Weight 
I 
Actual Class g No Class TF ET NP NR 
I 
Newborn Infant NR 1 2 






5 Child NR 4 Adults 4 _o __ ~I 0 
-- ----- -- ,_ 
10 Child 900 3 Adults 3: 0 I 0 0 
-------- I 1----
NR Adult 1080 2 Adults 1 0 t ;- 1 
50 Adult 1350 3 Adults 1 0 1 1 
-- ---- i 
±30 Adult 1380 5 Adults 4 1 0 0 
-----·-----+-----___ ,_ ---·---· >-------
±20 Adult 1430 3 Adults 2' 0 I 1 0 
- --- >-------· - ·- - ~·-·----- -·-:-·--· 1------·---- - --- -- ---
±50 Adult 1580 1 Adult OI 1 0 0 
--·-··---1--· - - - ···---- --- -·· -· -- - ·--- ---·'·- - ---· 
--· . 
NR Adult 1750 2 Adults 11 1 0 0 
-------- - - ·--- --- - ·- - - -- .. - - - -··--1··· -- - -
- ---- .. ------
35 Adult 1900 2 Adults r11 (._ 0 0 0 
i 
TF = Tension Free NP= Not Fi1oss i bl e 
ET= Excessive Tension NR = Not Fltecorded 
I 
TABLE 6 THE EFFECT OF DONOR LIVER SIZII[ ON ABDOMINAL 
CLOSURE rn THE HUMAN CADAVER ~liTUDY 
Introduction. The technique to be selected could be tailored to 
the circumstances encountered at operation. 
5. Stabilisation of the donor liver 
Basic stability was provided by the cavo-caval anastomosis, and 
placing the left lobe of the donor liver between the recipient's 
liver and the lateral thoracoabdominal wall. 
Additional lateral stability appeared desirable, and could 
readily be obtained by suturing the falciform ligament and 
ligamentum teres to the right lateral abdominal wall at the 
level of the costophrenic angle. Such tethering appeared to 
provide good additional support for the graft, although the 
effects of postural changes could not be assessed. 
In light of Starzl's earlier experience (186), the additional 
suspension would appear desirable. 
6. Accommodation within the abdominal cavity 
The new-born child's liver was easily accommodated in the 2 
year old's abdomen. Using donor livers weighing up to 1 080 g 
no problems of space or closure were recorded in the adult 
cadavers, see Table 6, opposite. From 1 350 g upwards a number 
of cases were found in which closure was difficult or impossible 
because of lack of space to acconnnodate the extra organ. 
The results thus indicate that the auxiliary liver can be accom-
modated in most cases, and that a relatively smaller donor liver 
would provide fewer problems of space and closure. 
53 
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P A R T I 
CHAPTER 4 
DISCUSSION AND CONCLUSIONS 
PART I 
C H A P T E R 4 
DISCUSSION AND CONCLUSIONS 
DISCUSSION 
Bearing in mind the limitations of this human study, the 
Immelman technique appeared feasible in most of the 26 
human cadaver transplants that were performed. 
Various aspects of the technique were studied. The 
preparation of a bed for the donor liver utilises simple, 
established surgical techniques, and could readily be 
performed. Placement of the donor liver in the subhepa-
tic position was possible, and in most cases there appea-
red to be sufficient space in the abdominal cavity to 
accommodate the additional organ in the heterotopic site. 
The donor liver appeared to be stable in the subhepatic 
position by virtue of the cava-caval anastomosis, plac-
ing the left lobe between the recipient liver and the 
lateral thoraco-abdominal wall, and tethering the donor 
hepatic ligaments to the right lateral thoraco-abdominal 
wall. The vascular anastomoses could readily be con-
structed using standard vascular surgical techniques. 
The technique allowed for the construction of several 
different methods of bile drainage. A gallbladder to 
gallbladder anastomosis could be constructed with ease 
in 50% of the cases studied. A technique of inter-
posing a vascularised, isoperistaltic loop of jejunum 
55. 
between the donor and recipient gallbladders was deve-
loped, and shown to be possible in all cases. The 
technique of jejunal interposition involved several 
additional surgical steps, and it is suggested that 
the technique be used only when operative circumstan-
ces do not permit a gallbladder to gallbladder anas-
tomosis. 
Biliary drainage by means of end-to-side connnon bile 
duct to connnon bile duct anastomosis was shown to be 
feasible, but presented the hazards of anastomotic ten-
sion and angulation of the recipient's connnon bile duct 
in a significant number of cases. 
The interposed jejunal loop could be brought up in all 
cases, indicating that a standard cholecystojejunostomy 
could have been constructed in all cases. 
The subhepatic position described by Innnelman thus allows 
for at least four alternative methods of biliary drainage, 
all of which can readily be constructed. The choice of 
method would be determined, largely, by the operative 
circumstances, and to a lesser extent by the philosophy 
of the surgeon. In adults all four methods could be 
used, while in children with biliary atresia, the choice 
would be limited to cholecystojejunostomy in most cases. 
The subject of choice of biliary drainage procedure will 




The technique of heterotopic liver transplantation which 
was developed by Immelman in his porcine studies, was in-
vestigated in a human cadaver study. The basic techni-
que was found to be feasible. Biliary drainage by 
means of a gallbladder to gallbladder anastomosis could 
only be performed in 50% of the cases studied. A means 
of bridging the gap between two gallbladders which could 
not be apposed was developed and studied. It was 
shown that an isolated, vascularised, isoperistaltic 
loop of jejunum could be used as a conduit in all cases. 
Two other methods of biliary drainage, namely cholecys-
tojejunostomy and end-to-side choledochocholedochostomy 
were also shown to be possible with the subhepatic tech-
nique. 
The positive results obtained from the human study, pro-
vided motivation for further experimental studies on the 
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The comprehensive details of a live porcine study are presented, 
analysed and discussed in Part II. 
The operations, pre- and postoperative care, and methods of investi-
gation, are presented in detail. 
60. 
The survival, quality of life, general, regional and local effects are 
presented. 
It will be shown that the technique of jejunal interposition was 
feasible in the pig and that the general, regional and local effects 




INTRODUCTION AND OBJECTIVES 
The review of the literature in the Main Introduction has revealed that 
complications arising from the reconstruction of the biliary tract have 
been the major cause of morbidity and mortality in patients who have 
undergone liver transplantation and survived the immediate postoperative 
l?eriod. The complications ranged through anastomotic leaks and stric-
tures, biliary sludge, calculus formation, necrosis of the gallbladder 
or common bile duct, and intrahepatic cholestasis, cholangitis and 
cholangitic abscesses. The same spectrum of complications has been 
seen in experimental liver transplantation, with both the orthotopic 
and heterotopic techniques. 
Immelman (99) reported a low incidence of biliary tract complications 
with a newly developed technique of heterotopic transplantation, in 
which biliary drainage was afforded by a gallbladder to gallbladder 
anastomosis. The cadaver study in Part I of this presentation has 
shown that the basic subhepatic transplantation technique described by 
Immelman in the pig, would be feasible in the human, but that a gall-
bladder to gallbladder anastomosis would not be possible in all cases. 
It was further demonstrated that an isolated, vascularised, isoperis-
taltic loop of jejunum could be interposed between the donor and re-
cipient gallbladders in all the cases where gallbladder to gallbladder 
62. 
anastomosis was not possible. This modification would allow ultimate 
drainage of the donor bile through the recipient's sphincter of Oddi, 
thereby decreasing the risks ofcholestasis and cholangitis as discussed 
in the Main Introduction. 
Part II of this study was designed and undertaken firstly to develop. 
the technique of jejunal interposition (cholecystojejunocholecystostomy) 
in a series of live porcine hepatic allografts, in which Immelman's 
basic subhepatic technique would be used. This group of allografted 
recipients, with biliary drainage by means of cholecystojejunocholecystos-
tomy, comprise group l(b) in the text. 
Secondly it was designed to compare the local, regional and general effects 
of this modification in biliary drainage technique, with the effects seen 
in a parallel series of heterotopic porcine allografts using the un-
modified Irranelman technique (bile drainage by means of cholecysto-
cholecystostomy) - group l(a) in the text. 
Two groups of control animals would be established and studied to elimi-
nate local, regional and general effects which could be due to non-biliary 
causes. The first group of control animals would undergo a sham 
laparotomy, (group 2(b) in the text) and then be subjected to exactly 
the same postoperative regime as used for the two allografted groups. 
The use of a sham-operated control group, would enable one to assess 
the effects of an operation, the medications used, the housing conditions 
and repeated anaesthetic procedures, on normal pigs, and to compare the 
effects with those seen in the two allografted groups. 
The second control group would undergo end-to-side portacaval shunts, 
(group 2(a) in the text) and then be subjected to exactly the same 
63. 
postoperative regime as the allografted groups l(a) and l(b) and the 
sham-operated control group 2(b). The recipient livers in both groups 
l(a) and l(b) would, with the transplantation technique to be used, be 
deprived of primary access to portal blood, and the use of a control 
portacaval-shunted group would enable one to establish and compare the 
local, regional and general effects which could be attributed to porto-
systemic shunting in the normal pig. 
Bearing in mind the requirements of Part III of this presentation, 
simultaneous serial samples of liver, CSF, and blood would be obtained 
from all the animals used in Part II. These samples would be subjected 
to histological, biochemical and haematological analyses, and used both 
in the comparative study in Part II, and in the evaluation of CSF 
glutamine in Part III. 
In Part II it will be shown that cholecystojejunocholecystostomy was a 
successful modification of bile drainage in the porcine model used, 
and that the local, regional and general effects were comparable to those 
seen in the group of pigs with bile drainage via a cholecystocholecys-
tostomy. In addition, it will be shown that the incidence of compli-
cations involving, or attributable to, the biliary drainage tract, were 
minimal and comparable in the two transplant groups. 
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MATERIAU AND METHODS 
THE FOUR EXPERIMENTAL GROUPS 
In this chapter, the design and conduct of the experiments is described. 
Four groups of experimental animals were established, as shown in 
Figure 7 opposite. 
Two groups of pigs were subjected to auxiliary heterotopic liver allotrans-
plantation, the groups differing in the type of biliary drainage used: 
Group l(a) 
Group l(b) 
Heterotopic allograft plus cholecystocholecystostomy 
(GB-GB). 
Heterotopic allograft plus cholecystojejunocholecystostomy 
(GB-JEJ-GB) 
Two groups of pigs underwent control operations: 
Group 2(a) End-to-side portacaval shunt (PCS). 
Group 2(b) Sham laparotomy (Shams). 
Sixty-nine liver transplants, 19 portacaval shunts and 5 sham laparo-
tomies were attempted. The immediate mortality was high in the two 
allograft groups, as described in Part II, Chapter 3, Section 1. 
Fourteen animals in each of groups l(a), l{b) and 2(a) and 5 in group 
2{b), survived in excess of 7 days. The operative details and times 
taken to perform the various procedures, are derived from the animals 
which survived in excess of 7 days. 
All animals received the same pre-, intra- and postoperative care, 
and were subjected to the same clinical, biochemical, haematological, 
gross, and histopathological analyses. 
67. 
The pre-operative care, anaesthesia, operative techniques and post-
operative care for the groups is described in detail. The methods and 
frequency of blood, CSF, bacteriological and histological sampling are 
described. 
Finally, the autopsy technique used for all animals is presented. 
SELECTION OF ANIMALS 
The pigs all originated from farms in the Western Cape. They were 
supplied by G. Engelbrecht - Philadelphia, and from Champagne Estates, 
Franschoek. The animals comprised White Landrace, Black Landrace, 
Large White, and some obviously mixed breeds. On occasions, the 
suppliers informed us that the pigs had not been bred on their own 
farms, but had been obtained from other farmers to supply us. The 
genealogy of the pigs used in these studies could therefore not be 
established. 
Selection of pigs for a particular experiment was random, the only 
requirement being that the donors should be smaller than the recipients. 
At operation a crude attempt was made to establish the breed of the pigs. 
This was done by looking at the ears; pigs with large broad dependent 
ears were classified as Landrace; those with peaked upright ears, as 
Large White. In addition, the colour was recorded. Some animals 
68F. 
OPERATION ANIMAL WEijiHTS (Kg) 
i 
Heterotopic Recipient Donor -------, Allotransplantation Mean± 1 SD Range. N~> Average Range No 
' Group l(a) 39,07 ± 3,26 35-46 11~ 19,6 14-26 14 (GB-GB) I 
Group l(b) 31,64 ± 5,94 22-46 li~ 17,0 12-25 14 
(GB-JEJ-GB) 
' 
ANIMAL WEIGHTS (Kg) 
Control Operations ---
Mean± 1 SD Range NlD 
Group 2(a) 16,2 ± 2,52 13-21 lj)* (PCS) 
·--- --
Group 2(b) 18,4 ± 2,80 15-21 is (Sham) 
TABLE 7 ANIMAL WEIGHTS IN THE FOUR GROUPS. 
Group l(a) - Heterotopic allograft plus chol~icystocholecystostomy 
Group l(b) - Heterotopic allograft plus chol~1cystojejunocholecystostomy 
Group 2(a) - End-to-side portacaval shunt • 
Group 2(b} - Sham laparotomy i 
* The pre-operative weights of 4 animals w~,re not recorded. 
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used were of mixed breed and did not fall clearly into either Landrace 
or Large White categories. 
in their selection. 
The sex of the animals was not considered 
The weight profiles of the animals used in the experiments are tabu-
lated on the opposite page. The mean weights of the groups were 
fortuitous and dictated by the logistics of supply. 
PRE-OPERATIVE MANAGEMENT 
After delivery from the farms, the animals were kept in an enclosed 
sty, and allowed free access to water and connnercial pig food. The 
pigs were routinely dewormed twice after birth, and once in our sty 
after delivery from the farms. 
The animals were starved for 24 hours preceeding operation, but had 
free access to water. No pre-operative antibiotics were administered, 
nor were bowel preparations performed. 
ANAESTHETIC PROCEDURES 
The techniques of anaesthesia and intubation were basically similar 
to those described by Bowes (28) and Terblanche (197). 
Two methods of anaesthesia were used: 
1. Definitive operations - Closed Circuit Administration 
of Halothane and Nitrous Oxide 
Anaesthesia was induced with Sodium Pentothal (1-1,5 gm) injected 
into an ear vein. Animals were then weighed, endotracheal 
intubation perfonned and anaesthesia maintained with Oxygen, 
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Nitrous Oxide and Halothane. Intermittent positive pressure 
respiration was instituted using either a "Bird" or "Manley' 
respirator, with a closed Magill-type circuit. The gases 
were warmed and humidified, and the percentage of Halothane kept 
as low as possible. The stomach was decompressed by the inser-
tion of a large bore stomach tube, which was kept in situ through-
2. 
out the operation. This method of anaesthesia was used for 
the initial operation in all animals. 
Serial minor procedures - Halothane and Nitrous Oxide 
administered via a nose cone. 
For all serial sampling procedures and at sacrifices, anaesthesia 
was induced and maintained with Halothane, Nitrous Oxide and 
Oxygen administered through a nose cone. 
OPERATIVE PROCEDURES 
1. AUXILIARY HETER.OTOPIC LIVER ALLOTRANSPLANTATION: (GROUPS l(a) and l(b)) 
The basic technique used was that described by Innnelman (97), and the 
operations were organised along the lines described by Dent (53). 
The operative techniques on both donor and recipient were adapted from 
those described by Terblanche (197). Porcine anatomy was studied from 
Sisson and Grossman's textbook (169). In essence the operations were 
carried out in 4 stages - (i) the donor liver was skeletalised, (ii) the 
recipient prepared, (iii) the donor liver perfused and excised, and 
(iv) implanted into the right upper quadrant lmmccllatcly caudal to 
the pig's own liver. The sequence of the procedures was organised so 
as to ensure minimal graft ischaemia and short portal bypass times. 
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(1) STAGE 1 - Preparation of the donor animal 
An initial lumbar puncture was performed. The anaesthetised 
pig was placed on the operating table in the left lateral position 
and held in slight spinal flexion. A disposable 20 gauge spinal 
needle was inserted, in the midline, into the lower lumbar ver-
tebral canal and 3 ml of cerebLospinal fluid (CSF) collected 
into a clean tube. The CSF sample was immediately spun down in 
a centrifuge, the supernatant decanted and placed in a refrigera-
tor. The animals were then turned onto their backs and secured 
in the operative position. 
Cannulation of the cervical vessels was performed next. Aver-
tical incision was made on the right side of the neck to expose 
the jugular vein and carotid artery. Both vessels were cannu-
lated with sterile polythene infant feeding cannulae (French Size 8). 
The arterial cannula was used for blood sampling and blood pressure 
monitoring, while the venous cannula served as an access to venous 
blood and an inlet for intravenous fluids, antibiotics and other 
medication. Venous and arterial blood samples were taken as 
soon as the cannulae had been placed. 
Skeletalisation of the donor liver was then carried out. 
(i) With the use of a cautery knife a long midline incision 
was made from xiphisternum to pubis, deflecting laterally 
to avoid the urethra in males. The peritoneum was 
opened, the abdomen explored and any pathology noted. 
A wedge liver biopsy was taken and immediately placed 
in formol saline. The gallbladder was inspected, and 
the cystic and common ducts palpated. 
(ii) With retraction of the bowel inferiorly and to the left, 
the right lobe of the liver was elevated to expose the 
peritoneal attachments of the liver and inferior vena 
cava to the posterior abdominal wall. Vessels in the 
ligament were coagulated, and the ligament incised from 
the adrenal below to the suprahepatic vena cava above. 
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(iii) Dissection of the portal tract followed. With the stomach 
retracted downwards, and the liver upwards, the anterior 
layer of the gastro-hepatic omentum was incised from the 
foramen of Winslow to the oesophagus as described by 
Dent (53). A further incision was made in line with 
the hepatic artery in the direction of the coeliac axis. 
Dissection was carried out to the left of the hepatic 
artery, and the gastroduodenal artery and coronary veins 
were ligated. The portal vein was dissected clear of 
peritoneum and attached lymph nodes, from pancreas to 
hilum, and haemostasis secured. 
(iv) The hepatic ligaments were next incised. The liver was 
retracted down, and left triangular ligament incised to 
the suprahepatic vena cava, and the small falciform lig-
ament divided. 
(v) Isolation of the coeliac axis and suprarenal aorta fol-
lowed. The bowel and spleen were retracted inferiorly 
and to the right. The splenic artery was isolated, and 
the overlying peritoneum incised down to the coeliac 
axis and aorta. The coeliac axis was cleaned of adven-
titia; and the hepatic artery was carefully isolated. 
The origins of the splenic, unnamed gastric, pancreatic 
and phrenic arteries were undermined and individually 
clamped and ligated. The bowel was replaced and the 
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arterial tree adjacent to the liver checked for pulsation. 
Skeletalisation was thus complete, leaving the donor liver 
attached only to the major hepatic vessels, inferior vena 
cava and common bile duct. 
A segment of the infrarenal aorta was then isolated in 
preparation for subsequent exsanguination in Stage 3. 
The bowel was retracted to the left and a segment of the 
infrarenal aorta cleaned of adventitia and undermined. 
Two tapes were passed under the isolated vessel and 
left in situ. The contents of the abdominal cavity 
were then replaced, and the contents covered with moist 
warm swabs. 
Ringers Lactate with 10% Invert Sugar was administered 
throughout the procedure, and the flow rate adjusted 
to correct hypotension. 
Donor preparation required an average time of 43 minutes 
in Group l(b) (GB-JEJ-GB), and 52 minutes in Group l(a) 
(GB-GB) (Appendix-Tables 49 - 51). The difference was 
significant (p < 0,05), and was due to the fact that some 
of the operations performed early on in the project were 
according to the GB-GB technique. As surgical and 
organisational skill developed, the time taken to prepare 
the donor decreased. 
(2) STAGE 2 - Preparation of the recipient animal 
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Lumber puncture was performed as previously described on page 70. 
Cannulation of the cervical vessels differed slightly from 
that performed in the donor animals. A more extensive verti-
cal neck incision was made to allow for the subsequent insertion 
of a splenojugular bypass cannula. The carotid artery was 
cannulated for blood pressure monitoring and arterial blood 
sampling. The right subclavian vein was cannulated with a 
sterile polythene infant feeding cannula to serve as an access 
for venous blood samples and intravenous fluid administration. 
Arterial and venous blood samples were taken. The jugular 
vein was dissected free for later insertion of the bypass line. 
Preparation of the bed and vessels for reception of the graft 
was carried out next. A midline incision was made as described 
in the donor operation on page 70. Exploratory laparotomy was 
performed to detect any disease or abnormality, and a wedge 
liver biopsy performed. The gallbladder was inspected, and 
cystic and connnon ducts palpated. The major portion of the 
bowel was then placed in a clean plastic bag and lightly con-
stricted at the root of the mesentery. 
(i) The infrahepatic vena cava was examined for accessibility, 
and the peritoneum between vein and right adrenal gently 
dissected away when it appeared that the vascular 
clamp would include the adrenal. 
(ii) With the stomach retracted downwards and the liver up-
wards, the portal vein was carefully cleaned of envelo-
ping peritoneum and isolated from the hilum to the 
duodenum. An attempt was made to preserve the coron-
ary vein, but this was not possible in many cases. 
Care was taken not to damage nor disturb the hepatic 
arterial tree during dissection. 
(iii) The bowel was retracted to the left, and the infrarenal 
aorta cleaned of adventitia for approximately 2 ems., 
in preparation for arterial reconstruction. 
Insertion of the splenojugular bypass lines. The spleen was 
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retracted gently downwards, and the short gastric vessels ligated. 
Omental attachments of the spleen to the stomach, left crus and 
posterior abdominal wall were cut, leaving the spleen attached 
only at its hilum. 
for about 2 ems. 
The splenic vein and artery were undermined 
The pig was heparinised (lmg/Kg) and bypass lines prepared by 
attaching two 0,6 nun silastic catheters to a T-piece, the third 
limb of which was connected to a sterile fluid administration 
iet. The bypass lines were primed with heparinised saline, 
and clamped at each end. A bulldog clamp was placed across 
the splenic pedicle to distend the splenic vein, and distally 


















FIGURE 8 THE ARRANGEMENT OF THE SPLENOJUGULAR BYPASS 
{Acknowledgement to Professor E. Immelman for permission to use this diagram) 
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end of the bypass catheter was inserted into the splenic vein 
through a venotomy, the clamp released and the catheter advanced 
about 5 ems. along the posterior abdominal wall to prevent ob-
struction and kinking. A double linen suture was tied around 
the hilum and catheter, thus occluding the splenic artery and 
holding the catheter in place. A second anchoring suture was 
tied to the catheter to prevent accidental removal with haemorr-
hage. The second end of the primed bypass catheter was inserted 
through a venotomy into the exposed right jugular vein, and 
doubly secured. The arrangement of the splenojugular bypass 
is illustrated in Figure 8 on the opposite page. The function 
of the bypass was checked and adjustments made in the positions 
of the catheters until a satisfactory flow rate was seen. Proxi-
mal and distal limbs were then flushed with heparinised saline, 
and both ends clamped. 
The abdominal contents were returned, and large, warm, moist 
swabs placed over the bowel and liver. 
The recipient preparation required an average time of 43 minutes 
in both transplant groups. (Tables 49-51 in the Appendix). 
(3) STAGE 3 - Donor liver perfusion and excision 
Exsanguination of the donor was performed by cannulating the 
exposed infrarenal donor aorta with a plastic tube. Aft~ 
donor heparinisation, exsanguination into a sterile bottle was 
connnenced. The blood was kept for subsequent transfusion into 
the recipient. 
76. 
Cold perfusion of the donor liver was conunenced while exsan-
guination was proceeding. A primed cannula was inserted into 
the portal vein through a venotomy and directed towards the hilum. 
The proximal portal vein was ligated, and cold perfusion conunen-
ced, using 31 cold perfusate. The perfusate was made up 'of 90 ml 
Rheomacrodex, 101. m/v in Dextrose (Baxter) and 3000 ml Physiosol 
(Abbott). This procedure is discussed in more detail on pages 
93-94 and 194. 
Removal and preservation of the graft~ With the perfusion in 
progress, and the heart still beating, the bowel was retracted 
to the right. The left chest was opened by incising through the 
cartilagenous ribs, and the incision continued along the diaphragm 
to the left crus. The pleura was incised along the length of 
the thoracic aorta, and the intercostal and upper lumbar vessels 
were divided from the aorta. A clamp was placed below the 
aortic arch, and the aorta transected and pulled into the abdomi-
nal cavity. The aorta was further transected 2 ems distal to 
the coeliac axis, and with attached vessels was rapidly freed 
up to the portal tract. The suprahepatic vena cava was tran-
sected at its junction with the diaphragm, and the infrahepatic 
cava at the level of the adrenals. The portal vein was divided 
below the perfusion catheter, and the common bile duct at the 
level of the duodenum. 
The whole liver preparation with perfusion catheter in situ was 
placed in a sterile bowl, and perfusion continued until the cold 
perfusate covered the liver, and the liver had reached a homo-


















anastomosis - (2) 
Coet~ac axi.s 
A'orto -aort,c 
anastomosis - (3) 
lnfrahepat~c. 
vena ·cava l£gated. 
FIGURE 9 THE BASIC TRANSPLANTATION TECHNIQUE 
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lumbar vessels on ·the aortic segment were ligated. Thereafter 
the aortic segment was cannulated and filled with heparinised 
saline under pressure, thus perfusing the hepatic arterial tree 
and permitting detection and ligation of leaking vessels. The 
suprahepatic vena cava was trimmed flush with the liver. The 
liver was then weighed. The time from completion of perfusion 
to weighing was approximately 15 minutes. 
In both groups l(a) and l(b), exsanguination and donor hepatec-
tomy required an average of 15 minutes. The average total 
anaesthetic period for the donor pigs up to completion of the 
hepatectomy, was 113 minutes for group J(b) (GB-JEJ-GB) and 118 
minutes for group l(a) (GB-GB) (Tables 49 - 51 in the Appendix) 
Of this period, only 60 minutes was spent usefully operating on 
the donor, the excess anaesthetic period being that required to 
prepare the recipient. With two surgical teams, the donor 
animal and liver could be spared approximately 50 minutes of 
anaesthetic exposure. 
(4) STAGE 4 - Implantation of the donor liver 
I THE BASIC TECHNIQUE I 
With the exception of the methods of biliary drainage, the 
transplantation technique was the same in both group l(a) and 
group l(b) animals. The basic technique is diagrannnatically 
shown on the opposite page (Figure 9) and photographically on 
the following page (Figures 10 - 13) 
78F. 
FIGURE 11 
The pale, perfused donor 
liver being correctly . 
aligned prior to being 
placed in the recipient 
FIGURE 10 
Shows the bed into which the 
graft will be placed. The 
recipient's infrahepatic 
vena cava is clearly shown, 
with its enveloping sleeve 
of liver 
FIGURE 13 
The donor liver in the sub-
hepatic position on com-




Construction of the cavo-
caval anastomosis. Part 
of the sleeve of recipient 
liver enveloping the re-
cipient's infrahepatic 
vena cava is included in 
the Potts-Satinsky clamp 
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(a) Positioning of the donor liver 
The recipient's bowel was placed in a plastic bag and thus 
the more easily retracted downward in the midline. The 
right lobes of the recipient's liver were retracted up-
wards and to the left to expose the infrshepatic vena 
cava. 
The graft was placed in the right upper quadrant, with 
its diaphragmatic surface on the posterior abdominal wall, 
the suprahepatic vena cava on the infrahepatic recipient 
vena cava, and the right lobe directed to the pelvis. With 
the graft suitably positioned cold saline swabs were placed 
around the graft, and the vascular anastomoses performed. 
(b) Construction of the vascular anastomoses 
(i) End-to-side cavo-caval anastomosis A curved semi-
occlusive Potts Satinsky vascular clamp was placed 
on the recipient's infrahepatic suprarenal vena 
cava. In most cases part of the enveloping 
sleeve of liver tissue was included in the clamp, 
but care was taken to avoid the right adrenal. 
A longitudinal venotomy was made, curving the in-
cision to create an oval window. Two 0000 silk 
sutures were inserted through the distal ends of 
the vcnotomy, and through the appropriate parts of 
the short donor suprahcpatic vcna caval cuff. The 
liver was gently manipulated and the corner sutures 
tied, knots being on the outside. The lower suture 
was brought into the lumen, and the right layer com-
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pleted with a simple over and over suture, the 
sutures being placed 2-3 mm apart. After comple-
tion and checking of the right layer, the left 
layer was completed using the simple over and over 
technique from the outside as shown in Figure 12 on 
page 78. On completion, the two suture arms were 
tied at the lower corner. 
The cavo-caval anastomotic time was approximately 
14 minutes, with no significant time differences 
between the two transplant groups. (Tables 49 - 51 
in the Appendix). 
(ii) End-to-end porto-portal anastomosis. The spleno-
jugular bypass was opened at this stage and rechecked 
for flow and leakage. 
The recipient's portal vein was ligated distally 
as close to the hilum as possible. A bulldog clamp 
was applied across the portal vein at the level of 
the duodenum, and the vein transected proximal to 
the ligature. Lateral retraction on the right 
abdominal wall was released and the correct length 
of portal vein assessed to avoid kinking and tor-
tuosity. The donor portal vein was trimmed to 
exclude the segment damaged by the cannula. Graft 
position was maintained by swabs placed between the 
graft and posterior abdominal wall. The anastomosis 
was performed using 3 triangulating stay sutures 
and completed using 00000 silk sutures. Just be-
fore completion of the anastomosis the clamp on 
the recipient portal vein was opened momentarily 
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to allow escape of air. On completion of the anas-
tomosis, the portal venous clamp was removed allowing 
perfusion of the liver. The initial effluent through 
the donor infrahepatic vena cava was discarded -
usually 200 - 300 ml blood. 
The semi-occlusive vena caval clamp was then removed, 
thus establishing a portal flow through the donor 
liver into the general circulation. The infra-
hepatic vena cava was ligated. 
was clamped, but left in situ. 
The bypass line 
At this stage haemostasis was checked and secured 
where necessary. If any tortuosity or kinking 
of the portal vein was seen, the anastomosis was 
taken down and reconstructed. 
The average portal venous anastomotic time was 
approximately 10 minutes for each group. The 
average total ischaemic period up to re-institu-
tion of portal flow was about 47 minutes. Of this 
period, 22 minutes were true cold ischaemia, and 
for 25 minutes the graft lay in the recipient ab-
dominal cavity covered with cold insulating swabs. 
There was no significant difference in the time 
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FIGURE 14 THE DONOR LIVER ON COMPLETION OF THE 
THREE VASCULAR ANASTOMOSES 
Note: {l) The similarity in appearance of the 
donor and recipient livers 
(2) The .wide gap between the donor and 
recipient gallbladders 
between the two transplant groups. (Tables 49 -
51 in the Appendix). 
(iii) End-to-side aorta-aortic anastomosis. With the 
bowel retracted to the left, a curved Satinsky 
vascular clamp was applied to the prepared 2 ems 
of recipient infrarenal aorta. An anterior longi-
tudinal arteriotomy was made and the vessel wall 
trinnned on either side to create an oval window. 
The donor aortic segment was positioned and trim-
med to the correct length; and the hepatic artery 
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inspected to exclude any twisting. The anastomosis 
was performed with double armed 0000 silk sutures 
using a simple over and over technique, with all 
knots being tied on the outside. 
On completion of the anastomosis, a bulldog clamp 
was placed on the donor coeliac axis, and the occlu-
sive aortic clamp released to exclude air from the 
segment of donor aorta. The clamp was reapplied, 
and the distal donor aorta ligated adjacent to the 
coeliac artery. Both clamps were then removed, 
allowing arterial perfusion of the graft. 
On completion of the three vascular anastomoses, 
the donor and recipient livers usually had an iden-
tical colour and texture, as illustrated in Figure 14 
on the opposite page. The operative techniques in 
both groups l(a) and l(b) were identical up to this 
stage. 
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serosal layer. The anastomosis was moderately inverted. The 
size of the resultant anastomoses were 1-2 cm in diameter. 
On completion of the anastomosis the donor connnon bile duct was 
ligated distally. The gallbladder to gallbladder anastomoses 
required approximately 11 minutes on average. 
The photograph on this page (Figure 16) demonstrates a 





FIGURE 16 GALLBLADDER TO GALLBLADDER ANASTOMOSIS 
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FIGURE 17 THE TECHNIQUE OF CHOLECYSTOJEJUNOCHOLECYSTOSTOMY -
{Group 1 (b)) 
{b) GROUP l(b). Interposition of a jejunal conduit 
(Cholecystojejunocholecystostomy or GB-JEJ-GB technique). 
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This technique is diagrammatically illustrated in Figure 17 on 
the opposite page. 
A loop of jejunum 10-15 ems. from the ligament of Treitz was 
selected, the vascular arcades inspected, and a loop of jejunum 
chosen to contain several supplying vessels, as shown in the 
photograph below. 
FIGURE 18 SELECTION OF THE JEJUNAL SEGMENT FOR 
INTERPOSITION 
86F. 
FIGURE 19 CHOLECYSTOJEJUNOCHOLECYSTOSTOMY IN THE 




The loop has been rotated through 180°, and end 
C, is anstomosed to the recipient's gallbladder, 
while the proximal end B, is anastomosed to the 
donor gallbladder 
The vascular pedicle is arrowed 
The loop has been tented to the right for photo-
graphic purposes. 
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Soft bowel clamps were applied to the jejunum approximately 1cm. 
on either side of the chosen segment. The segment (B-C) was 
transected proximal to each clamp to avoid trauma to the ends 
of the segment. The mesentery of the segment was incised in 
the bloodless areas down to the vascular arcade, the lines of 
the incision being shown by the dotted lines in the photograph 
on page 85, A bacteriological swab was taken from within the 
lumen of the segment, and contents were massaged out by gently 
stroking with two fingers. A small length of jejunum was ex-
cised for histological examination. 
The donor gallbladder was incised at the fundus, a bacteriological 
swab taken, and the incision trinnned to create a circular cysto-
tomy, the excised gallbladder tissue being retained for histology. 
The isolated loop was rotated through 180° (for isoperistaltic 
flow), and the proximal end (B) was anastomosed to the donor 
gallbladder fundus in 2 layers using continuous 0000 chromic 
catgut. A simple over and over technique was used on the inner 
layer, while the outer layer created a slight inversion of the 
suture line. The size of the stoma was noted. 
The recipient gallbladder was opened, a bacteriological swab 
taken, the circular opening constructed, and the distal end of 
the isolated loop (C) anastomosed to the recipient gallbladder 
in the same manner as the proximal end. The excised segment 
of gallbladder was retained for histological examination. The 
size of the stoma was noted. The jejunal loop thus served as 
a vascularised conduit between the two gallbladders. The 
photograph in Figure 19 illustrates a cholecystojejunocholecys-
tostomy in the process of construction. 
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The transected ends of the jejunum (A & D) were then anastomosed 
end-to-end using 0000 chromic catgut in 2 layers, thus re-
establishing jejunal continuity. The defect in the jejunal 
mesentery was closed, using 0000 chromic catgut. At this stage, 
the mesentery of the isolated loop was checked for arterial pul-
sation and venous engorgement. The colour of the loop was noted, 
and the loop stimulated to provoke peristaltic movement. 
The double biliary anastomosis in addition to the small bowel 
anastomosis required an average time of 34 minutes. Construction 
of this type of biliary drainage added 23 minutes to the operative 
time, compared to the gallbladder to gallbladder technique. 
(Tables 49 - 51 in the Appendix). 
(5) Additional Procedures - Gastroduodenostomy 
In 6 group l(a) animals and 1 from group l(b) a standard two 
layered gastroduodenostomy was performed to assess the effect of 
this procedure in preventing oesophagogastric ulcers in this 
heterotopic model. The average anastomotic time was 14 minutes. 
(6) Closure of the abdomen 
The proximal limb of the bypass cannula was removed, the hilum 
securely ligated, and splenectomy performed. All vascular and 
biliary anastomoses were checked, and donor and recipient liver 
biopsies taken in a few cases. 
with warm saline. 
Peritoneal lavage was performed 
In the early cases a single layer closure was performed using 
continuous 00 nylon through the peritoneum and linea alba. 
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In subsequent cases, an additional layer of 00 chromic catgut 
approximated the subcutaneous tissue. The skin was closed 
with a continuous O nylon over and over suture in the earlier 
cases. In the later cases, skin closure was performed using 
a continuous subcuticular 000 nylon suture. Little or no 
difficulty was encountered in closing the abdomen in the trans-
planted animals, despite the presence of the extra organ, and no 
respiratory difficulties appeared to result. 
The arterial catheter in the neck was removed, and the carotid 
artery ligated. The jugular vein was ligated after removal of 
the distal limb of the bypass cannula. The intravenous subclavian 
cannula was left in situ, and the incision closed with continuous 
00 nylon suture. The cannula was firmly anchored to the skin 
with additional sutures. 
(7) Marking of the animals for identificatiort 
Each animal was then marked for subsequent identification. The 
marking was performed in 3 ways for each animal. 
(a) The ears were marked according to the laboratory code. 
(b) The number allocated to the animal was cauterised onto 
the lateral abdominal wall. 
(c) The number was written onto a neck band made of adhesive 
tape. 
Triplication of the marking was found to be necessary in our 
laboratory circumstances. 
The numbers allocated to the animals in the operative laboratory 
differ from those used in the script. The laboratory number, 
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script number and histological number for each pig is tabulated 
in Table 39 in the Appendix. 
Anaesthesia was discontinued, and the animals kept on the opera-
ting table until awake and breathing well. 
care is described on page 94. 
The postoperative 
The average total anaesthetic periods were 171 minutes (GB-GB 
group) and 184 minutes (GB-JEJ-GB group). Average operating 
times were 123 and 149 minutes respectively (Tables 49 - 51 in 
the Appendix). If the donor hepatectomy is performed by a 
second surgical team, approximately 1 hour of recipient anaes-
thetic exposure could be prevented. 
2. END-TO-SIDE PORTACAVAL SHUNTS: (Group 2(a)) 
Lumbar puncture and insertion of cervical arterial and venous can-
nulae was identical to that described for the donor operation on 
page 70. A midline approach was used similar to that described 
for the transplanted animals and exploratory laparotomy was carried 
out. No bypass was used because portal occlusion time was within 
that tolerated by the pig (20). 
into formol saline. 
A wedge liver biopsy was taken 
With the stomach and bowel retracted down to the left, and the 
liver retracted upwards, the filmy peritoneum enveloping the portal 
vein was incised, and the hepatic end of the vein mobilised by dis-
secting it free of adventitia and lymph nodes. Care was taken to 
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preserve the coronary vein, but this was not possible in a few cases. 
A curved Potts Satinsky partially-occlusive vascular clamp was posi-
tioned on the infrahepatic vena cava. A longitudinal venotomy was 
created and the edges trimmed to provide an oval opening. A bulldog 
clamp was applied to the portal vein at the level of the duodenum. 
The portal vein was ligated close to the hilum, and transected on 
the clamp side of the ligature. 
The portal vein was trimmed to the correct length to prevent kinking 
and tortuosity, and the end cut obliquely to create a widely patent 
anastomosis. The anastomosis was constructed using two double armed 
00000 silk sutures. Two corner sutures were inserted; thereafter the 
left side of the anastomosis was performed using a simple over and over 
technique. The suture was tied at the top corner, and the right side 
completed in the same manner. On completion of the anastomosis, the 
clamps were released simultaneously, and haemostasis secured. The 
portal vein was examined for kinking and rotation prior to closure, 
and the bowel checked for return of colour. Abdominal closure was 
performed in three layers as described for the transplanted animals 
on page 88 and the animals were then marked. 
The average portal occlusion time was 12 minutes, the average total 
anaesthetic period approximately 62 minutes (Table 52 in the Appendix). 
3. SHAM LAPAROTOMIES - (Group 2(b)) 
The procedures on these animals were exactly the same as those pre-
viously described for the portacaval-shunted animals, with the ex-
ception that a portacaval shunt was not created. Following lumbar 
puncture and cervical cannulation, exploratory laparotomy was per-
formed through a midline incision, and liver biopsy performed. 
The portal vein was then dissected free in exactly the same manner 
as described for the portacaval shunts. A partially-occlusive 
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Potts Satinsky clamp was applied to the suprarenal infrahepatic vena 
cava for the average time of clamping recorded in the group 2(a) 
animals, while simultaneously, a bulldog clamp was applied to the 
portal vein for the average portal occlusion time recorded in the 
group 2(a) animals. After removal of the clamps, the animals were 
closed, and marked for identification, in exactly the same manner 
as the animals from group 2(a). 
The average portal occlusion time was 12 minutes, and average anaes-
thetic time approximately 66 minutes (Table 52 in the Appendix). 
INTRA-OPERATIVE CA.RE 
(1) Physiological monitoring 
Temperatures were monitored continuously in all animals, using a 
telethermometer with the probe placed in the oesophagus or rectum. 
The mean arterial pressure was continuously recorded by means of 
the intra-arterial carotid catheter connected to an anaeroid 
manometer. Mean arterial pressure invariably fell during the 
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bypass period, and also whenever the bowel was retracted too 
vigorously. Pulse rate was recorded on a cardiac monitor, when 
available, or by counting the deflections on the manometer. 
Sequential arterial bloods were taken throughout some of the 
operations to establish the pattern of acid-base changes, but later 
on in the series only when indicated by the clinical condition of 
the animals. 
(2) Fluid Balance 
Ringers Lactate in Invert Sugar 10% was infused throughout the 
operation. The infusion rate was adjusted according to require-
ments, and between 500 ml and 1000 ml were used in each animal. 
Sodium Bicarbonate 4,2% (m.v.) was infused immediately prior to 
and during the first few minutes after rcvascularisation in the 
transplant animals (53). On an average 300 ml was used. In the 
control groups, the infusion was commenced immediately prior to 
the clamps being released from the portal vein. 
Approximately 500 ml donor blood was infused into all transplant 
recipients while the vascular anastomoses were being constructed. 
The rate of infusion was increased immediately the clamps were 
released. The sham and portacaval shunted animals received no 
blood transfusions. 
(3) Medication 
Early on in the series, the animals all received 1 000 000 units 
Penicillin and 1 gram of Chloromycetin intravenously as soon as 
the neck cannulae had been inserted. Because of the high sepsis 
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rate in the first few animals, the doses were increased to 3 mil-
lion units Penicillin and 3 grams of Chloromycetin for the final 
75% of animals. The latter 50% of animals received 2 grams of 
Chloromycetin intravenously, and 1 gram intraperitoneally after 
closure. 
Heparin, 1 mg/Kg., was administered prior to exsanguination in the 
donor, and prior to implantation in the recipient. The heparini-
sation was not reversed with protamine, except in a few animals 
where severe post-revascularisation bleeding occurred. 
The transplant recipients were given 50 ml 50% Dextrose, plus 1 
ampoule of Vitamin K, as soon as full revascularisation had been 
completed. 
(4) Prevention of hypothermia 
The animals all tended to develop severe hypothermia, especially 
in winter. The operating table was heated with fan heaters, and 
warmed humidified anaesthetic gases were administered in an attempt 
to minimise heat loss. In addition, when these measures were in-
adequate, warm saline was placed into the plastic bag containing 
the loops of bowel. This proved to be an effective heat exchanger. 
(5) Preservation of the donor liver 
Prior to cold perfusion, the donor animal was maintained in the 
best possible physiological state, by preventing hypothermia and 
hypotension and by correcting acid-base imbalances. 
Cold perfusion was commenced with the heart still beating and prior 
to the occlusion of any vessels. Three litres of perfusate, made 
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up of 90 ml Rheomacrodex in 3 000 ml of Physiosol, at 4°c was in-
fused from a height of 40 ems via the portal vein. The perfusion 
was continued until the liver was a homogeneous grey colour, and 
until the liver had been covered completely by perfusate. The 
liver was kept immersed in the cold perfusate during ligation of 
the branches of the aorta, and after weighing, the liver was wrapped 
in a sterile swab to insulate it, and cold perfusate poured over 
the swab. The hepatic arterial tree was perfused with cold 
heparinised saline. 
The liver was handled gently and the duration of ischaemia was 
kept as short as possible. 
The donor gallbladder was not opened after infusion, but bile was 
allowed to drain from the cut end of the common bile duct, which 
was only ligated once the biliary anastomosis had been completed. 
POSTOPERATIVE CARE AND ASSESSMENT 
As soon as the animals were awake, the blood pressure and respiration 
stable, they were returned to the postoperative holding cages. The 
cages were heated by means of fan heaters. Intravenous infusion of 
Ringers Lactate in 10% Invert Sugar was maintained for 48 hours - 2 
litres per 24 hour period. The animals had free access to water after 
24 hours, and were returned to the sty after 48 hours, being allowed 
free access to food and water. 
Intravenous Penicillin (1 000 000 units daily) and Chloromycetin (1 
gram daily) were given for 8 days. If the intravenous cannulae ceased 
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to function or were pulled out, the antibiotics were given intramus-
cularly. 
The animals were seen twice daily and notes made of their vigor, general 
appearance and wound status. 
SERIAL HAR.VESTING OF BIOCHEMICAL, HAEMATOLOGICAL AND HISTOPATHOLOGICAL 
SPECIMENS 
(1) At the time of definitive operation 
CSF and arterial and venous blood samples were taken as soon as 
possible after induction of anaesthesia. Wedge liver biopsies 
were taken as soon as the abdomen was opened in all animals. 
In some cases, repeat liver biopsies were taken innnediately prior 
to closure of the abdomen. 
(2) In the first week 
Venous blood samples were obtained daily over the first 6 post-
operative days, or for as long as the venous cannulae functioned. 
(3) Weekly 
Every 6th day the animals were starved for 24 hours, but allowed 
free access to water, in preparation for anaesthesia the following 
day. On each 7th day the animals were induced with Halothane, 
Nitrous Oxide and Oxygen administered via a nose cone. Under 
anaesthesia the animals were examined, weighed, lumbar puncture 
performed, and arterial and venous blood samples taken. 
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The transplant recipients were subjected to a small subcostal 
laparotomy incision in the right lateral abdominal wall, the site 
of which was varied by 1-3 ems. each week. Adhesions were freed 
by blunt finger dissection, and the donor liver visualised and 
palpated and a note made of the colour and consistency. A donor 
liver biopsy was taken under direct vision, using either a biopsy 
needle, or the wedge technique. Host liver biopsies were per-
formed percutaneously with a biopsy needle inserted immediately 
below and 1,5 ems to the right of the xiphisternum. 
In the sham and portacaval-shunted animals, liver biopsies were 
obtained by the epigastric percutaneous needle technique using a 
disposable 20 mm biopsy needle. 
(4) At sacrifice 
Simultaneous CSF and blood samples were obtained under anaesthesia 
in exactly the same manner described for the weekly sampling. 
The animals were then euthanised with a large bolus of either 
Sodium Pentothal or Potassium Chloride, and a full autopsy was 
performed iunnediately. 
AUTOPSY TECHNIQUE 
The animals from all groups were autopsied in the same manner. Autopsy 
was performed immediately following death in sacrificed animals, and 
as soon as possible after death had occurred in others. 
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The animals were weighed and inspected closely. An incision was made 
from the neck to the pubis, and superficial and deep wound sepsis noted. 
The peritoneal cavity was carefully opened and a note made of the presence 
of adhesions, sepsis and ascitic fluid. The peritoneal cavity and tissues 
adjacent to the extrahepatic biliary tract were carefully examined for 
evidence of bile leakage. 
The livers were gently cleared of adherent bowel, omentum and peritoneum 
by blunt finger dissection. The external appearance, consistency and 
lie of the livers was noted. The position, appearance and tension 
in the various components of the extrahepatic biliary apparatus were 
observed. The interposed jejunal loops in group l{b) animals were 
digitally stimulated to provoke peristaltic movement. Small wedge 
liver biopsies were taken from each lobe at this time. The livers were 
further dissected free, and all vessels palpated to detect ante-mortem 
thrombi. The livers were then removed with vessels and anastomoses 
intact. All hepatic vessels were opened along their entire length to 
inspect the anastomoses, and to search for thrombi. The vessels were 
opened as far as possible into the substance of the livers. 
In all sacrificed animals from groups l{a), l{b) and 2(b), swabs for 
bacteriological analysis of the biliary tract were taken through small 
cystotomies. The whole extrahepatic biliary tract was laid open and 
a minute inspection carried out. The anastomotic lines in the two 
transplant groups were carefully examined and palpated. Wall thick-
ness and mucosal appearance were noted, and a search made for bile stasis, 
stones and sepsis. In most cases, the entire extrahepatic biliary 
apparatus was excised in continuity with adjacent liver tissue, and 
preserved in 10% formol saline. 
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In transplanted animals, the two livers were then separated by blunt 
dissection. Each liver was weighed approximately 15 minutes after 
removal. After weighing, multiple slices were made through the livers 
to assess texture and to look for thrombi and sepsis. Specimens were 
selected randomly throughout the sliced livers, and submitted for his-
tology. In addition, liver biopsies were taken from any unusual-
looking areas. 
livers. 
The same procedures were carried out on the control 
A search was made for signs of a gastric ulcer, and the stomach removed, 
opened, washed and inspected. Ulcers were excised in toto, and pre-
served in formal saline. The duodenum, jejunum, ileum and large 
bowel were opened and inspected, and biopsies taken. Both kidneys 
were removed, sliced in half, examined and biopsies taken from each 
kidney. Bladders were inspected, and in a few animals, biopsies taken. 
In the control animals, splenic biopsies were taken. 
The thoracic cavity was then opened. The lungs were inspected for 
adhesions, colour and consistency, mobilised and two biopsies taken 
from each lung. The pericardium and heart were opened and biopsies 
taken from the right ventricle and right atrium. A large retrosternal 
node, invariably present, was biopsied, and the thymus, when seen. In 
a few animals, the thyroid was biopsied. 
All histological material was preserved in formal saline. 
The author perfonned every procedure described in this Chapter. 
PROCESSING OF SPECIMENS 
(1) Haematology specimens were collected into sequestrine tubes and 
the analyses performed through the routine hospital service, as 
discussed on page 339. 
(2) Blood specimens for biochemical analysis were collected into 
heparinised tubes, spun, decanted and the plasma stored in a 
refrigerator. Blood for annnonia determinations was collected 
into tubes containing 15% trichloro-acetic acid, spun, decanted 
and the supernatant fluid stored in a refrigerator. CSF was 
collected into clean test tubes, spun, decanted and stored in 
a refrigerator. All biochemical determinations were carried 
out in the Biochemistry laboratory of the Department of Surgery, 
as described on pages 334-338. Some duplicate blood and CSF 
samples were processed in the Department of Chemical Pathology. 
(3) All histological material was processed in the Histology labora-
tory of the Department of Surgery. 
(4) Bacteriological studies were undertaken by the Division of Bac-
teriology of the Department of Pathology. 
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After initial determinations,all the residual serum and CSF samples were 
deep-frozen awaiting any additional tests. 
SUMMARY OF DATA COLLECTION 
The following data were obtained, or recorded at the time of initial 
operation, weekly and at sacrifice. 
( l) Clinical 
(2) Haematological 
Appearance, weight, vigor sepsis. 
Haemoglobin; white cell, platelet and 
differential white cell counts. 
100. 
(3) Biochemical CSF glutamine, venous annnonia, (arterial blood 
anunonia where possible), alkaline phosphatase, 
SGOT, cholesterol, total protein, albumin, 
globulin, acid base balance, and in a few 
animals, urea and creatinine. 
(4) Pathological Liver biopsies. 
In addition, blood was taken for haematology and biochemistry several 
times during the first week. Bacteriology samples were obtained at 
the time of the initial operation and at the time of sacrifice. 
Comprehensive liver, biliary tract and organ specimens were taken at 
autopsy. 
The preparation and interpretation of the histological material will be 
discussed on pages 161, 175 and 183. 
The analytical methods used for biochemical determinations are outlined 
on pages 334-338. 
The statistical methods used in the analysis of the techniques and 
results are outlined on pages 340-342. 
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PART II 
C H A P T E R 3 
RESULTS OF THE LIVE PORCINE STUDY 
The results of the live porcine study will be presented in four sec-
tions. A detailed index will be found at the beginning of each section. 
SECTION I 
The clinical course, cause of death, complications and general patholo-
gical findings are presented and briefly discussed in pages 102-120. 
SECTION II 
The macroscopic, microscopic and bacteriological analyses of the gall-
bladders and interposed loops are detailed and discussed in pages 121-142. 
SECTION III 
The macroscopic and microscopic changes seen in the livers and blood 
vessels are presented in detail, analysed, compared and discussed in 
pages 143-194. 
SECTION IV 
The study of the serial changes in CSF glutamine, blood biochemistry 
and haematology is detailed, analysed and discussed in pages 195-225. 
The abbreviated case histories of individual animals will be found in 
the Appendix, pages 269-315. 
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PART II 
C H A P T E R 3 
SECTION I GENERAL CLINICAL AND PATHOLOGICAL FINDINGS 
SUMMARY 
The quality of life, survival patterns, cause of death, complications 
and general organ pathology in the four groups of animals is presented 
and briefly discussed. 
It is shown that there were no outstanding differences clinically nor 
pathologically between the transplant groups l(a) and l(b); and that 
no deaths could be attributed directly to defects or complications of 
biliary drainage. 
The outstanding complications in groups l(a), l(b) and 2(a) are shown 
to be gastric ulceration, pulmonary infection and wound sepsis. 
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OVERALL SURVIVAL 
Heterotopic liver transplantation in the pig proved to be a formid-
able procedure, as can be seen from the overall survival figures in 
Table 8. 
TRANSPLANTS PORTA-CAVAL SHAMS 
SHUNTS ----
No. % No. % No. % 
Operations attempted 69 100 19 100 5 100 
Table deaths 19 28 2 10 0 0 
'---- --Survival less than 
24 hours 17 25 0 0 0 0 
Survival between 24 
hours & 6 Days 4 6 3 16 0 0 
Survival 7 Days or 
more 29 42 14 74 5 100 
TABLE 8 OVERALL RESULTS OF THE SERIES 
The overall survival pattern in this series was basically similar to 
the patterns previously described in pigs (19, 36, 95, 111, 131, 198), 
dogs (24, 76, 80, 170, 216) and in the early experience of liver trans-
plantation in man (4). 
Survival increased considerably as technical, anaesthetic, organisa-
tional and postoperative management skills developed. Only 10% of 
the first 20 recipients survived 7 days or longer, while 65% of the 
final 20 animals survived to more than 7 days. 
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The main causes of table deaths were technical mishaps, anaesthetic 
failure, hypothermia, malignant hyperpyrexia and the presence of pre-
existing pulmonary or cardiac infections in the donors or recipients. 
Over transfusion and pre-existing infections were implicated in some 
deaths within the first 24 hours, but in several animals the cause of 
death could not be determined. No deaths occurring before 7 days 
could be attributed directly to biliary tract complications, and in 
only one animal could biliary leakage be detected. 
The 40 recipients that survived less than 7 days will be excluded 
from further discussion and documentation, together with one recipient 
that survived longer than this, but in whom gas gangrene had developed 
in both donor and recipient livers by the time autopsy was performed. 
The report will be confined to 28 transplanted animals that survived in 
excess of 7 days. 
Survival to more than 7 days was 74% in the portacaval-shunted group. 
The table deaths in this group were due to gross pre-existing cardio-
pulmonary disease in one animal, and a technical mishap in a second. 
Three animals died within the first week, one from small bowel obstruc-
tion, while the cause of death in two could not be determined. The 
report will be confined to the 14 animals surviving 7 days or longer. 
All the animals subjected to sham laparotomy survived in excess of 7 




Gained Static Lost 
No. % No. % No. % 
l(a) 3 25 0 0 9 75 
l(b) 4 29 1 7 9 64 
2(a) 2 20 5 50 3 30 
2(b) 5 100 0 0 0 0 
- - .. . .. 
TABLE 9 BODY WEIGHT CHANGES IN THE · 
FOUR GROUPS OF ANIMALS* 
* Pre-operative weight compared to weight at autopsy 
Group l!al - Heterotopic allograft plus cholecystocholecystostomy 
Group 1 b - Heterotopic allograft plus cholecystojejunocholecystosto
my 
Group 2 a - End-to-side portacaval shunt 
Group 2 b} - Sham laparotomy 
FIGURE 21 THREE PIGS, 26, 27 and 28 DAYS AFTER TRANSPLANT 
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CLINICAL FEATURES OF THE FOUR GROUPS OF ANIMALS 
This presentation is limited to the animals that survived 7 days or 
longer. Fourteen animals were studied in each of groups l(a), l(b) 
and 2(a), and five in group 2(b). The case histories of the animals 
are sunnnarised in the Appendix on pages 269-315. 
1. QUALITY OF LIFE 
The five animals in group 2(b) (sham laparotomy) exhibited the 
best quality of life and will be discussed first. Following the 
initial few postoperative days, all the animals became vigorous 
and alert. They strenuously resisted any physical manipulation 
and required lengthy anaesthetic induction for minor procedures. 
On visiting the sty, the animals always appeared hungry,. and ate 
voraciously. Body growth was rapid, the general condition excel-
lent, and there was no loss of hair along the spine. Individually, 
and as a group, the animals showed significant body weight gain, 
as demonstrated in Table 9 on the opposite page and Figure 20 on 
page 107F. Wounds healed rapidly, and the rate and degree of 
sepsis appeared less severe than in the other three groups. 
The fourteen animals in group 2(a) (portacaval shunts) had a 
strikingly different postoperative course when compared with 
group 2(b) animals. Most of the animals rapidly lost condition, 
became listless, and, although resentful of handling, did not have 
the physical vigor of the group 2(b) animals. Some of the animals 
became ataxic and one developed severe hindquarter weakness. On 
visiting the sty, all appeared less hungry and to eat less than 
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Graph 20a MEAN PERCENTAGE BODY WEIGHT CHANGE IN THE FOUR GROUPS (Mean±_ 1 SEM) 
DAY 
7 !4 21 28 
I I Mean SD SEM No. Mean 1 SD SEM No. Mean so SEM No. Mean SD SEM 
96,30 6,66 2,22 10 97,71 8,03 3,27 7 100,22 8,07 2,85 9 98,00 17 ,22 6,51 
99,00 10,70 2,96 14 98,16 12,54 3,78 12 101,87 14,86 5,61 8 101,00 17,66 7,89 
102,40 6,32 2,10 10 103,57 15,50 6,77 7 112,66 16,29 I 7,28 6 114,20 23,05 11,52 
121,80 12,25 6,12 5 128,80 19,85 9,92 5 154,80 24,53 12,26 5 189,75 25,40 14,66 
Table 20b MEAN PERCENTAGE BODY WEIGHT IN THE FOUR GROUPS COMPARED TO PRE-OPERATIVE WEIGHT 
Group l(a) - Heterotopic allograft plus cholecystocholecystostomy 
Group l(b) - Heterotopic allograft plus cholecystojejunocholecystostomy 
Group 2(a) - End-to-side portacaval shunt 
Group 2(b) - Sham laparotomy 







ribs and spine became prominent, and there was hair loss parallel 
to the spine. The aniuials required minimal anaesthetic induc-
tion for minor procedures and were slow in waking up. The ten 
smaller animals, who were of comparable weight range to the ani-
mals in group 2(b), showed an insignificant weight gain, as 
illustrated in Figure 20 on page 107F. Eight (80%) of the 10 
smaller animals lost weight or remained at their preoperative 
weight as shown in Table 9 on page J06F. The preoperative weights 
of the four larger animals were not recorded. Serial postopera-
tive weights of these 4 animals showed no weight gain in 1 animal, 
while 3 showed so:ne weight gain, but not of the same order as the 
animals from group 2(b). Wound sepsis was more severe and slower 
to heal than in group 2(b). Similar features have previously 
been reported in dogs after portacavel shunts (27). 
The transplanted animals in groups l(a) and l(b) revealed a wide 
spectrum of clinical behaviour, ranging from that seen in the 
best group 2(b) animals, to that seen in the worst group 2(a) 
animals. Approximately half of the animals in each group fol-
lowed the clinical course seen in the majority of group 2(a) 
animals. They appeared vigorous after the first few postoperative 
days, but gradually became listless, apathetic and ill as time 
progressed. Hair loss along the spine was a prominent feature 
in the poor quality animals. 
Approximately half the animals in each group resembled the group 
2(b) animals in that they remained physically vigorous, appeared 
to eat well and resisted physical nanipulation. However, with 
three exceptions, they did not achieve the prime condition of 
JOSF. 
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- Heterotopic allograft plus cholecystocholecystostomy 
- Heterotopic allograft plus cholecystojejunocholecystostomy 
- End-to-side portacaval shunt 
- Sham laparotCJTIY 
FIGURE 22 SURVIVAL PATTERNS IN THE FOUR GROUPS OF ANIMALS 
the group 2(b) animals. 
Over 70% of the animals in each group lost, or failed to gain 
weight, as shown in Table 9 on page 106F, and there was no mean 
weight gain in either group as demonstrated in Figure 20 on 
page 107F. 
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Wound sepsis was common in both groups, wounds healed slowly, and 
wound breakdown was encountered in a few animals in each group. 
The abdominal cavity appeared to accommodate the additional organ 
well, as there was little increase in pendulousness. 
There were no outstanding clinical differences between animals 
from groups l(a) and l(b) and the two groups were considered 
physically comparable. 
Three transplanted animals, taken 26, 27 and 28 days postoperatively, 
are demonstrated in Figure 21 on page 106F. 
2. SURVIVAL 
The survival patterns are shown in Figure 22 on the opposite page. 
Some of the initial animals were kept for longer than 28 days, but 
in general their quality of life was so poor, that it was decided 
to sacrifice the remaining animals at 28 days irrespective of 
clinical condition, and thus both alleviate suffering, and 
establish a uniform period of study. In addition, any animal 
that appeared grossly ill or suffering, was humanely sacrificed, 
irrespective of the postoperative period. These policies resulted 
in the following mean periods of study, in days: 
109F. 
GROUPS 
MAIN CAUSE OF DEATH l(a) l(b) 2(a) 2{b) 
! 
No. % No. % No. % No. % 
Sacrifice - protocol 6 43 4 28 5 36 4 80 
- humane 3 21 2 14 2 14 - -
Anaesthetic - accidental 1 7 1 7 - - - -
- malignant hyperpyrexia - - 1 7 - - 1 20 
Iatrogenic haemothorax - - - - 2 14 - -
Gastric ulcer - haemorrhage - - 2 14 - - - -
- perforation - - 1 7 - - - -
Small bowel obstruction 1 7 - - 1 7 - -
Wound dehiscence 1 7 - - - - - -
Pulmonary infection - - 2 14 1 7 - -
Pericarditis 1 7 - - 1 7 - -
No cause determined 1 7 1 7 2 14 - -
TOTAL 14 14 14 5 
TABLE 10 CAUSE OF DEATH IN THE FOUR GROUPS OF ANIMALS 
Group l(a) - Heterotopic allograft plus cholecystocholecystostomy. 
Group l(b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2(a) - End-to-side portacaval shunt. 
Group 2{b) - Sham laparotomy. 
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Group l(a) 20,84 + 9,36 S.D. ( 13)-i( 
Group l(b) 20,21 + 7, 71 S.D. ( 14) 
Group 2(a) 25 ,21 + 8,82 S.D. (14) 
Group 2(b) 26,60 + 2,80 S.D. ( 5) 
*Pig No. 3 survived 56 days and was excluded from the calculations. 
3 • CAUSE OF DEATH 
The causes of death in the four groups of animals are surmnarised 
in Table 10 on the opposite page, and detailed in the case his-
tories in the Appendix, pages 269-315, Many animals exhibited 
multiple organ pathology and associated sepsis, and in these cases 
the condition that appeared most serious was taken as the main 
cause of death. 
No animals died of causes directly attributable to complications 
of the biliary tract. 
Anaesthetic-associated death accounted for four deaths. Animals 
Nos. 10 and 16 died soon after being induced with Halothane via 
a nose cone for the weekly procedures. Animal 21 was of interest 
as both donor and recipient animals had had hyperpyrexia at the time 
of transplant. 
0 pient's 39,5 c. 
0 The donor's temperature was 41,1 C and the reci-
Halothane was stopped, and the animals were 
resuscitated by correcting acidosis and administering 10 ml of 
Procaine. Postoperatively the recipient did well, but as soon 
as the weekly Halothane anaesthetic was started on day 7, the animal 
became warm, stiff and died. Pig 43 had an uneventful sham-
laparotomy, but on days 7 and 14 light Halothane anaesthesia 
produced a rapid increase in temperature, but the animal recovered 
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rapidly from the anaesthetic. On day 21 the animal woke after 
a light Halothane anaesthetic, and became stiff and died approxi-
mately 10 minutes after the anaesthetic. In both pigs inunediate 
autopsy was perforrr:e<l; th,:: intennl organs were strikingly warm, 
and death was attributed to Halothane-induced malignant hyper-
pyrexia. 
Two animals (Nos. 36 and 42) died from massive haemothoraces 
following percutaneous venepuncture at the base of the neck. 
Despite the high incidence of gastric ulcers in groups l(a), 
l(b) and 2(a), only 3 animals died from complications directly 
attributed to gastric ulceration; exsanguinating haemorrhage in 
animals 23 and 24, and a perforated gastric ulcer with extensive 
peritoneal soiling in animal 15. 
Small bowel obstruction caused the death of animals 6 and 37. 
The former was due to a retained swab under the donor liver. 
Animal 11 died from a massive wound dehiscence with disembowel-
ment. 
Despite the high incidence of pulmonary infection in all groups, 
only 2 deaths were attributed to pneumonia - animals Nos. 25 and 
27), and one to extensive pulmonary abscesses (animal No. 32). 
Severe constrictive pericarditis caused the deaths of animals 
Nos. 4 and 35. 
The exact cause of death could not be determined in animals 
Nos. 2, 22, 29 and 41. 
Seven animals were sacrificed for humane reasons as detailed in 




OF l(a) l(b) 2(a) 2(b) 
WOUND 
SEPSIS No % No % No % No % 
0 3 21 1 7 3 21 0 0 
+ 5 36 5 36 4 29 3 60 
-
++ 2 14 5 36 6 43 2 40 
------· ------
+++ 4 29 3 21 1 7 0 0 
TABLE 11 THE INCIDENCE AND DEGREE OF WOUND SEPSIS 
IN THE FOUR GROUPS 
Group l!a} - Heterotopic allograft plus cholecystocholecystostomy. 
Group 1 b} - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2 a} - End-to-side portacaval shunt. 
Group 2(b} - Sham laparotomy. 
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GENERAL COMPLICATIONS AND AUTOPSY FINDINGS IN THE FOUR GROUPS OF ANIMALS 
The main complications and autopsy findings will be discussed in this 
section. The findings in the biliary tracts, livers and transplanted 
blood vessels will be discussed separately in the next two sections. 
The macroscopic assessment was performed by the author, while the 
microscopic analyses were performed by Dr. J. van den Ende. The 
author viewed all the histology slides with the pathologist. 
1. WOUND SEPSIS 
The abdominal, neck and subcostal laparotomy wounds were examined 
weekly and at autopsy, and the degree of wound sepsis roughly 
graded as: 
0 No sepsis 
+ Mild superficial sepsis 
++ Severe deep sepsis 
+++ Gross sepsis with wound breakdown. 
The crude incidence and degree of wound sepsis is summarised in 
Table 11 on the opposite page. Only 7 of the 47 experimental 
animals remained free of wound sepsis during the postoperative 
period. Severe wound sepsis occurred in all four groups of 
animals, but, as can be seen in the case histories, wound sepsis 
cleared more rapidly in the group 2(b) animals. 
The worst sepsis occurred early on in the series, but improved 
with the combination of modifying the holding facilities, in-
creasing the antibiotic dosage and modifying the technique of 
closure. 
J l 2F. 
GROUP 
GRADE -· 
OF 1 (a) l(b) 2(a) 
~---- -
ADHESIONS 
No % No % No % 
0 0 0 1 7 1 7 
-· --
+ 5 36 5 36 5 36 
·-·---· 
++ 3 21 3 21 7 50 
--
+++ 6 43 5 36 1 7 









Group lla) - Heterotopic allograft plus cholecystocholecystostomy. 
Group 1 b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2 a) - End-to-side portacaval shunt. 
Group 2(b) - Sham laparotomy. 
The slight difference in grade of wound sepsis in groups l(a) 
and l(b) is probably fortuitous, and not related to the type of 
biliary drainage used. 
2. INTRAPERITONEAL ADHESIONS 
Bearing in mind the philosophy that auxiliary liver transplanta-
tion may be temporary, leading to later donor hepatectomy when 
the host's own liver has recovered, or permanent, with later re-
cipient hepatectomy as discussed in the Main Introduction, a 
crude assessment was made of the extent and incidence of intra-
peritoneal adhesions at autopsy. The whole peritoneal cavity 
was explored, and the degree of adhesions roughly graded as 
follows: 
0 No adhesions 
+ Minimal adhesions 
+i- Moderate adhesions 
+++ Severe adhesions. 
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The crude incidence and degree are shown in Table 12 on the oppo-
site page. 
Only 2 of the 47 experimental animals had not developed adhesions. 
Moderate and severe adhesions were seen in all four groups of 
animals. The adhesions were tenacious and severe over the 
transplanted livers. 
Tho inci<lcnce and degree of adhesions found was more severe than 
that seen, in the author's experience, in major human surgery, 
and the propensity to form adhesions may be a property of the pig, 
113. 
, 
as other research workers have also encountered severe adhesions 
in the pig (Inunelman - personal conununication). Donor liver or 
recipient liver excision 28 days postoperatively would have been 
extremely difficult in most allografted animals in this s.eries, 
and would have entailed considerable blood loss from oozing due 
to separation of the adhesions. 
3. INTRAPERITONEAL SEPSIS 
The presence of intraperitoneal, extrahepatic abscesses was recorded. 
Three abscesses were found in group J(a):-
a large pelvic abscess was present in pig No. 2, a huge subphrenic 
abscess in pig No. 4, while in pig No. 7 a small abscess was found 
between the liver and lateral abdominal wall at the site of the 
weekly subcostal laparotomy incisions. 
Two abscesses were seen in group l(b) animals. In pig No. 20 
a small abscess was related to the subcostal laparotomy scar, 
while in pig No. 23 a small abscess was found on the lesser cur-
vature of the stomach. 
No intraperitoneal abscesses were found in the groups 2(a) and 
. 2(b). 
The incidence of intraperitoneal sepsis was surprisingly low, 
bearing in mind the magnitude of the operations and the incidence 
of wound sepsis. 
l l 4F. 
' 
GROUP 
l(a) l(b) 2(a) 2(b) 
No. % No. % No. % No. 
No demonstrable ulcer 4 31 4 29 3 23 4 
significant anaemia 2 50 2 50 0 - 2 
--- --· - - >-· 
Ulcer pars oesophagea 9 69 8 57 9 69 1 
significant anaemia 5 56 5 63 5 56 0 
Other ulcers 0 - 2 14 1 8 0 
significant anaemia 0 - 2 100 0 - 0 
Not recorded 1 - 0 - 1 - 0 
TABLE 13 THE INCIDENCE OF GASTRIC ULCERS AND ANAEMIA IN 
THE FOUR GROUPS 










A moderate amount of clear ascites was seen in pigs Nos. 12 and 
13 from group l(a), and Nos. 15, 19 and 28 from group l(b). 
Biliary ascites was seen in pig No. 26. 
No ascites was seen in groups 2(a) or 2(b). 
5. GASTRIC ULCERS 
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Gastric ulceration occurred in approximately 70% of animals in 
each of groups l(a), l(b) and 2(a), the incidence being swmnarised 
in Table 13 on the opposite page. Most of the ulcers occurred in 
the pars oesophagea (see Figure 23 on the opposite page) as des-
cribed by Terblanche (198), Dent (54) and Lempinen (111). 
Two animals, Nos. 25 and 26 in group l(b), had multiple, shallow 
ulcers of the greater curvature and antrum, while pig No. 29 had 
multiple small ulcers throughout the stomach. In 7 transplanted 
animals, gastroduodenostomies had been performed in an attempt to 
prevent gastric ulceration - 5 of these developed ulcers of the 
pars oesophagea, despite the demonstration of widely patent gas-
troduodenostomies in all 7 at autopsy. 
Gastric ulceration was the main cause of death in 3 animals, 
exsanguinating haemorrhage in animals Nos. 23 and 24, and per-
foration in animal No. 15. Pig No. 37 died from small bowel 
obstruction but was found to have had a recent large bleed from 
a gastric ulcer. Of the 19 transplanted animals with gastric 
ulcers, 12 (63%) had anaemia of 9g% or less. Four of the seven 
animals without ulcers (57%) had anaemia of 9g% or less. The 
gastric ulcers probably contributed to the prevalent anaemia in 
11 SF. 
GROUP 
l(a) l(b) 2(a) 2(b) 
No demonstrable pathology 12 11 11 3 
Small bowel obstruction 1 - 1 -
Small bowel perforation - 1 - -
Colonic papules - - 1 2 
Plasma cell infiltrate 1 1 - -
Peritonitis - 1 - -
Not recorded - - 1 -
TABLE 14 PATHOLOGY OF THE LARGE AND SMALL BOWEL 
GROUP 
1 (a) l(b) 2(a) 2(b) 
No demonstrable pathology 2 2 1 3 
Pneumonia 10 8 6 2 
Abscesses 1 3 2 -
Total pulmonary infection 11 11 8 2 
(79%) (79%) (62%) (40%) 
Atelectasis - - 3 -
Hamartomatous tumour 1 - - -
Pulmonary embolus 1 - - -
Gross pleural adhesions 1 - - -
Iatrogenic haemothorax - 1 2 -
Not recorded - - 1 -
TABLE 15 PATHOLOGY OF THE LUNGS AND PLEURA IN THE FOUR GROUPS 
the two transplant groups, but other factors were also contribu-
tory. In group 2(a), ten animals had ulcers, 5 (50%) of whom 
had anaemia. The animals without ulcers had no anaemia. In 
group 2(b) two animals without gastric ulcers developed anaemia. 
The genesis of the anaemia will be discussed on page 215. 
6. INTESTINAL PATHOLOGY 
The autopsy findings are surmnarised in Table 14 on the opposite 
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page. Despite the high incidence of dense adhesions, fatal small 
bowel obstruction was seen in only 2 animals (Nos. 6 and 37), one 
of which may have been preventable. One leak was detected - in 
animal No. 28, with no obvious cause. It was speculated that 
this may have been due to an inadvertent perforation of the 
small bowel by the liver biopsy needle, or an inadvertent cautery 
burn. 
Small translucent papules, ± 1 mm in diamete~ studded the large 
bowel in 3 animals. The nature could not be elicited on his-
tology. Mild plasma cell infiltration was noted in the small 
bowel of 2 animals, while the gross evidence of peritonitis in 
animal No. 15 was confirmed histologically. 
7. PULMONARY PATHOLOGY 
Only 8 out of 46 experimental animals were macroscopically and 
microscopically free of pulmonary pathology, as shown in Tabte 15 
on the opposite page. Severe pneumonia was seen in 11 animals 
and accounted for the deaths of pigs Nos. 25 and 27. Mild pneu-
monia was seen microscopically in 15 animals, in most of whom the 
J J 6F. 
GROUP 
l(a) l{b) 2(a) 
No demonstrable pathology 8 7 7 
Pericarditis 2 3 3 
Myocardial fibrosis 2 - -
Excessive pericardial 
fluid 2 4 3 
Myocardial parasites 1 1 -
Not recorded - - 1 
TABLE 16 PATHOLOGY OF THE HEART AND PERICARDIUM IN THE 
FOUR GROUPS 









lungs appeared macroscopically normal. Pulmonary abscesses were 
seen in 6 animals, accounting for the death of one - pig No. 32. 
Pulmonary infection was thus encountered in 70% of all animals. 
Groups l(n) and l(b) had a s:Loilar lti;_;h incidence ( 79"/o) while 
groups 2(a) (62%) and 2(b) (40%) evidenced less, but still signi-
ficantly high incidences of pulmonary infection. 
Iatrogenic haemothoraces due to percutaneous venepuncture at the 
base of the neck were found in 3 animals, and caused the death 
of two of these - pigs Nos. 36 and 42. In pig No. 19 a resolving 
hacr1othorax was an incidental finding at autopsy. Atelectasis, 
pulmonary congestion and pulmonary embolism were rarely encountered. 
A hamartomatous tum~ur was encountered in the lungs of pig No. 5. 
Severe bilateral pleural adhesions were encountered in pig No. 9, 
with a nonnal underlying lung on microscopy. 
Several of the donor animals were found to have pneumonia and/or 
pleural adhesions, and the high incidence of pulmonary infection 
may be partly due to inadequate holding facilities, or the deli-
very to the laboratory of animals with pre-existing disease. 
8. CARDIAC COMPLICATIONS 
The cardiac pathology encountered in the four groups is sunnnarised 
in Table 16 on the opposite page. There were no detectable ab-
normalities of either heart or pericardium in 26 animals. Peri-
carditis was seen in 9 animals. The pericarditis was gross in 
6 animals and mild in 3. A photomicrograph on the opposite page 
demonstrates the intensity of the disease encountered. In a few 
animals there was associated pulmonary pathology. Excessive 
11 7F. 
GROUP 
l(a) l(b) 2(a) 2(b) 
No demonstrable pathology 1 3 1 -
Reactive 9 6 9 4 
Histiocytic proliferation 1 - 1 -
Extramedullary haemopoeisis - 1 - -
Haemorrhagic - - 1 -
Acute lymphadenitis - - 1 ~ 
Autolysed - 1 - -
Not recorded 3· 3 1 1 
TABLE 17 PATHOLOGY OF THE LYMPH NODES 
GROUP 
l(a) l(b) 2(a) 2(b) 
No demonstrable pathology 13 11 11 4 
Pyelonephritis - 2 - -
Hydronephrosis 1 - 1 -
Focal fibrosis - - 1 -
Lymphoid infiltration - 1 - 1 
Not recorded - - 1 -
TABLE 18 PATHOLOGY OF THE KIDNEYS 
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pericardial fluid was seen in 9 animals - the histology in most 
of these was non-contributory and bacteriological cultures failed 
to reveal any organisms. Parasites were seen in 2 hearts and 
focal myocardial fibrosis in two. 
Pericarditis was seen in a number of donor animals. The peri-
carditis was a striking feature in the series, and occurred in 
all groups. The phenomenon may be unrelated to the operative 
procedures and may be on the basis of pre-existing di'sease. 
9 • LYMPH NODE PATHOLOGY 
A large, fleshy retrosternal lymph node was present in most 
animals. The histological findings in these nodes are summarised 
in Table 17 on the opposite page. Five of the nodes were asses-
sed as normal. Mild to moderate reactive changes were seen in 
28 animals. Acute lymphadenitis was seen in pig No. 39. Extra-
medullary haemopoeisis was seen in one node from pig No. 19. 
Sinus histiocytic proliferation was prominent in pigs 14 and 37. 
There were no gross histological differences between the nodes 
examined from the four groups of animals. 
10. PATHOLOGY OF THE KIDNEXS AND BIADDERS 
The kidneys were significantly free of complications as sununarised 
in Table 18 on the opposite page. Normal histology was shown 
in 39 animals, two of which demonstrated mild unilateral hydro-
nephrosis at autopsy - pigs Nos. 4 and 30. Mild resolving 
pyelonephritis was seen in pigs Nos. 18 and 20. Focal lymphoid 
infiltration was seen in pigs Nos. 21 and 45, and focal fibrosis 
J l 8F. 
GROUP 
l(a) l(b) 2(a) 2(b) 
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PATHOLOGY OF THE PANCREAS IN THE FOUR GROUPS 
OF ANIMALS 






in pig No. 31. There was no observed difference between the 
kidneys from the four groups of animals. 
The bladders of 44 animals were assessed as normal. In pig No. 5 
the bladder was thick and haemorrhagic. The animal had had hae-
maturia during the postoperative period. Histology revealed a 
haemorrhagic bladder wall with no recognisable mucosa, while the 
kidneys were normal. The bladder from pig No. 12 revealed 
microscopic granulomata towards the peritoneal surface, but the 
remainder of the wall and the mucosa were normal. 
11. PANCREATIC PATHOLOGY 
The pancreatic pathology is listed in Table 19 on the opposite 
page. Most pancreases were macroscopically and microscopically 
normal. Mild pancreatitis with fat necrosis was seen in one 
animal - No. 4. An adult roundworm (Ascaris sp.) was found in 
the duct of animal No. 25, and the histology revealed evidence of 
duct obstruction. The worm is shown in the photomicrograph in 
Figure 25 on the opposite page. 
There was no observed difference in pancreatic histology between 
the groups. 
12. SPLENIC PATHOLOGY 
Spleens from the portacaval and sham groups revealed normal his-
tology or very mild reactive changes. 
medullary haemopoeisis was seen. 
In pig No. 33 extra-
DISCUSSION IN CONTEXT 
The two transplant groups, l(a) and l(b), have been shown 
to be roughly comparable with regard to pre-operative 
weights, operative ti~cs, qu~lity of life, postoperative 
weight changes, survival and mode of death. The inci-
deuces of wound sepsis, intraperitoneal adhesions, intra-
peritoneal sepsis, ascites, gastric ulcers, pulmonary 
infection and pericarditis were essentially the same in 
the two groups. Intestinal, pancreatic, renal and 
bladder complications were infrequent and comparable, 
while the changes seen in the lymph nodes were similar. 
There were thus no outstanding operative, clinical or 
general pathological differences between groups l(a) and 
l(b), and the two transplant groups can be regarded as 
comparable. 
The incidence of pulmonary infection was significant in 
all four experimental groups, with groups l(a) and l(b) 
revealing an incidence of almost 80%. The extra organ 
in the abdominal cavity could possibly be implicated in 
the high incidence of pulmonary infection, although ate-
lectasis was not seen in the transplanted animals. The 
high incidence of pulmonary infection in the transplant 
groups may reflect the combination of pre-existing infec-
tion, massive abdominal surgery and inadequate postopera-
tive holding facilities. 
Significant pulmonary infection has previously been repor-
ted in pigs (55, 137) and dogs (80, 148, 190, 195, 204) 
following both orthotopic and heterotopic transplantation, 
while lung infections have frequently been encountered 
in human liver transplantation (135, 179). 
119. 
Gastric ulceration was extremely frequent in groups l(a), 
l(b) and 2(a), and less frequent in group 2(b). The 
incidence in the transplanted animals was similar to that 
reported by Dent in his ortho-topic series from the same 
laboratory, and the subject has been discussed by him (54). 
The high incidence of wound sepsis in all four groups was 
not unexpected, as the abdominal wall was not shaved and 
prepared pre-operatively, and the operations were per-
formed under clean, but not sterile conditions. In ad-
dition, the conditions in the crowded temporary pig sty, 
together with the pig's habit of lying on its abdomen in 
the midst of faeces and urine, may also have contributed 
to the high incidence of wound sepsis. 
The remaining complications seen in the four groups of 
animals were essentially those that could be encountered 
after any major surgical procedure, or explicable on the 
basis of pre-existing disease, and do not differ materi-
ally from the complications previously reported from 
other liver transplant series (36, 42, 55, 111, 131, 198). 
120. 
121. 
INDEX TO PART II , CHAPTER 3 
SECTION II LOCAL EFFECTS OF THE PROCEDURES ON THE 
EXTRAHEPATIC BILIARY APPARATUS 
MACROSCOPIC PATHOLOGY OF THE EXTRAHEPATIC BILIARY APPARATUS 123 
1. Pre-operative Assessment •• •• 
2, Autopsy Assessment .• •• 
(a) Control Groups: 2(a) and 2(b) •• 
(b) Cholecystocholecystostomy - Group l(a) 
(c) Cholecystojejunocholecystostomy - Group l(b) 
3. Additional Points 
MICROSCOPIC PATHOLOGY OF THE EXTRAHEPATIC BILIARY APPARATUS 
1. Pre-operative Specimens •• 
2. Autopsy Specimens •. 
(a) Control Groups - 2(a) and 2(b) 
(b) Cholecystocholecystostomy - Group l(a) 
(c) Cholecystojejunocholecystostomy - Group l(b) 
3. Summary of the effects seen 
BACTERIOLOGY OF THE EXTRAHEPATIC BILIARY APPARATUS 
1. Pre-operative Specimens •• .• 
2. Autopsy Specimens 
3. Additional Points .. 


























Group5 2(a)+ 2(6) 
FIGURE 26 DIAGRAMS EXPLAINING THE TERM 
"EXTRAHEPATIC BILIARY APPARATUS" 
PART II 
C H A P T E R 3 
SECTION II LOCAL EFFECTS OF THE PROCEDURES 
ON THE EXTRAHEPATIC BILIARY APPARATUS 
SUMMARY 
The macro- and microscopic findings in the extrahepatic biliary 
apparatus at initial operation and at autopsy are presented and 
briefly discussed. The technique of interposing a jejunal loop 
is shown to be feasible, with negligible changes being produced 
in the loops. 
It is shown that the two types of biliary drainage used in the 
transplant groups, produced a comparable number of satisfactory 
results, and that the complications both macro- and microscopi-
12i. 
cally were comparable and few. Negligible changes were observed 
in the extrahepatic biliary apparatus of the two control groups. 
The results of the bacteriological studies of the extrahepatic 
biliary tracts in groups l(a), 1 (b) and 2(b) are presented and 
discussed. 
123F. 
TRANSPLANT GROUPS CONTROL GROUPS 
l(a) l(b) 2(a) 
---
DGB RGB DGB RGB IJL GB* 
Normal 10 14 11 14 12 13 
Thickened 2 - 1 - - -
Thickened & 
Bile encrusted 1 - 1 - - -
Dilated - - - - 1 -
Necrotic 1 - 1 - 1 -
Leaks 2 2 -
Strictures - - -
Ulcers - - -
Concretions 2 3 -
Sepsis - 1 -
Bile stasis: 
Gross 1 - -
Minimal 3 3 -
Soft plugs 2 - -
DGB = Donor gallbladder 
RGB = Recipient gallbladder 
IJL = Interposed jejunal loop 
GB = Gallbladder 
* = Results not available in 1 animal
 
TABLE 20 MACROSCOPIC ASSESSMENT OF THE E
XTRAHEPATIC 




















- Heterotopic allograft plus cholecystocholecysto
stomy. 
- Heterotopic allograft plus cholecystojejunocho
lecystostomy. 
- End-to-side portacaval shunt. 
- Sham laparotomy. 
MACROSCOPIC PATHOLOGY OF THE EXTRAHEPATIC BILIARY APPARATUS 
Details of the conduct of the experiments have been described in 
Part II, Chapter 2, as well as the methods used to assess the extra-
123. 
hepatic biliary tract pre-operatively and at autopsy. 
assessments were all performed ·by the author. 
The macroscopic 
The term "extrahepatic biliary apparatus" for each group is explained 
diagralllillltically in Figure 26, page 122F. The results are summarised 
in Table 20 on the opposite page, and detailed in the case histories, 
pages 269-315 in the Appendix. 
l. Pre-Operative Assessment 
The pre-operative gallbladders of all animals appeared normal, 
but mild oedema had developed in a few donor gallbladders by the 
time the biliary anastomoses were conunenced. The jejunum and 
interposed jejunal loops appeared normal, and peristalsis could be 
provoked in all loops on completion of the anastomoses, while 
circulation appeared adequate as judged by colour and arterial 
pulsation. 
2. Autopsy Assessment 
Lysis of adhesions made the assessment of the serosal surface 
difficult in some cases in all four groups of animals, but usually 
some areas free of adhesions could be found to allow assessment. 
(a) Control groups: 2(a) and 2(b) 
In both portacaval-shunted and sham groups the gallbladders 
were macroscopically normal on both serosal and mucosal sur-
faces .with no evidence of leaks, ulceration, stones, sepsis 
124F. 
PG 2 
FIGURE 27 ANTERIOR VIEW CHOLECYSTOCHOLECVSTOSTOMY 
(28 Days after transplant). 
EC PE. .,. DO o~ 
PG 72 (2B) 
FIGURE 28 POSTERIOR VIEW CHOLECYSTOCHOLECVSTOSTOMY 
{Note that the donor and recipient livers 
and gallbladders are almost identical in 
colour and appearance). 
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nor stasis, and colour of the bile was normal. The common 
bile ducts were free of obstruction. The findings in the 
gallbladder of one portacaval-shunted animal, No. 41 was not 
recorded as the animal had been dead too long for accurate 
assessment. 
(b) Cholecystocholecystostomy - Group l(a) 
On external appearance, the conjoined gallbladders had a 
normal appearance in 10 animals. The gallbladders were 
comfortably apposed with no evidence of tension, kinking 
or twisting. The anterior and posterior appearances of a 
cholecystocholecystostomy are shown in Figures 27 and 28 
on the opposite page. All the recipient gallbladders 
appeared normal on serosal and mucosal surfaces, while 10 
donor gallbladders were assessed as normal. The mucosal 
surfaces of two conjoined gallbladders assessed as normal 
are shown in Figure 29. 
CIPIE T DO 
FIGURE 29 DONOR AND RECIPIENT GALLBLADDER MUCOSAL SURFACES 
AT 28 DAYS 
In three animals (Nos. 4, 12 and 13) the donor gallbladders 
had shortened and retracted almost completely into the sub-
stance of the donor livers, as shown in Figure 30 and on 
FIGURE 30 SHRUNKEN DONOR GALLBLADDER (arrowed} 
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opening, the walls of the donor gallbladders were found to be 
thickened and discoloured as shown in Figure 31. The re-
cipient gallbladders, however, appeared normal. 
FIGURE 31 DONOR AND RECIPIENT GALLBLADDER MUCOSAL SURFACES 
126F. 
EC PE ..,.. P1G 72 (2B 
FIGURE 32 ENCRUSTATIONS AT SUTURE LINE 28 DAYS AFTER 
TRANSPLANT (Group l(a)) 
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In one animal (No. 3 at 56 days) the liver had sloughed and 
the donor gallbladder could not be identified; however, the 
recipient gallbladder was normal on opening and the anasto-
motic site had, closed spontaneously . 
The complications seen this group are sununarised in Table 20 
on page 123F. Two leaks were detected. In animal No. 1, 
dense adhesions surrounded the biliary apparatus, and a small 
inspissated bile deposit was present adjacent to the suture 
line. The peritoneal cavity was not bile stained, and it 
appeared that the leak had occurred early on, and had been 
sealed off. Pig No. 12 demonstrated mild, nonbiliary 
ascites, and a small, fresh sealed-off leak was found. This 
leak appeared ,to be associated with the inadvertent perfora-
tion of the biliary apparatus when doing a needle biopsy on 
day 21. 
The anastomoses were widely patent in eleven animals with no 
evidence of strictures. In two animals done early on in 
the series (Nos. sand 6), the anastomotic stomata were small 
0 ,5 ems in diameter_, but patent. No anastomotic ulcers or 
abscesses were detected. In several animals, the anastomotic 
surface was excessively inverted; this was probably technical 
in origin. 
In two animals (Nos. 7 and 9) the anastomoses were gritty to 
the touch on the mucosal surface, and subsequent microscopy 






FIGURE 33 ANASTOMOSIS USING THE INTERPOSED LOOP -
28 DAYS AFTER TRANSPLANT 
Donor liver Reci.pi.ent Ltver 








In seven animals, the contents of the gallbladders appeared 
normal. Fine green debris (1-2 mm in size) was seen in the 
conjoined lumen in two animals (Nos. 5 and 7) and in pig No. 6 
the bile was thickened and contained a fine brown granular 
sediment. These three animals were classified as having 
minimal bile stasis. Soft brown casts,± 0,5 ems x 0,3 ems 
in size, were seen in two animals (Nos. 12 and 14). These 
casts crumbled on being touched and were featureless on his-
tology. It is thought that these might be digested thrombi 
from bleeding due to inadequate haemostasis when constructing 
the anastomosis. Gross bile stasis was present in animal 
No. 4, with pile encrustation of the entire mucosal surface of 
the donor gallbladder. Small encrustations were found on 
the suture line of pig No. 14 (see Figure 32 on page 126F). 
No common bile duct obstruction was detected in the recipient 
animals, and no leakage was seen from the ligated donor common 
bile duct stumps. 
(c) Cholecystojejunocholecystostomy - Group l(b) 
The findings are summarised on Table 20, page 123F. 
On external appearance, 11 of the cholecystojejunocholecys-
tostomy biliary conduits had a normal appearance. The inter-
posed loops were comfortably accommodated between the two 
gallbladders, without evidence of tension, kinking or twisting. 
The position of such an anastomosis is shown on the opposite 




FIGURE 35 MUCOSAL SURFACE INTERPOSED JEJUNAL LOOP AT 
28 DAYS 
Rec~P,Lent Gallbladder Interposed Loop 
I 
FIGURE 36 MUCOSAL SURFACE INTERPOSED JEJUNAL LOOP AT 
28 DAYS 
Note: (1) Mucosal surface less rugose. 




Twelve of the interposed jejunal loops appeared macroscopi-
cally normal, and appeared to form tension-free, non-obstruc-
tive conduits between the donor and recipient gallbladders. 
The jejunal mesenteries appeared tension-free and well vascu-
larised (See figure 34 on the previous page) and in a few 
animals in which laparotomy preceded euthanasia, arterial 
pulsation could clearly be felt. 
could be induced in a few loops. 
Peristaltic movement 
The mucosal surfaces of 
the loops appeared normal in most animals, as shown in 
Figure 35 on the opposite page. 
In a few animals, however, the rugose pattern was moderately 
flattened - as shown in Figure 36 on the opposite page. The 
whole loop was necrotic in animal 18, while in animal 26, 
the loop was heavily bile stained and dilated. The gross 
appearance of most of the interposed loops did not differ 
from the appearance of the jejunum in the same animals. 
All the recipient gallbladders in this group appeared normal on 
both mucosal and serosal surfaces. Eleven donor gallbladders 
appeared normal, while two were contracted and thickened in 
the same way as seen in some donor gallbladders in the 
cholecystocholecystostomy group. The donor gallbladder in 
animal 18 was completeiy necrotic and the liver infarcted. 
The complications seen in the external biliary tract in this 
group are summarised in Table 20 on page 123F. Leaks were 
detected in two animals. In pig 26, the peritoneal cavity 
was grossly bile stained with gross adhesions. The jejunal 
l 29F. 
RecLpLent 





FIGURE 37 ANASTOMOTIC ABSCESS AT DISTAL CHOLECYSTO-
JEJUNOSTOMY 
129. 
loop was dilated and bile stained, and the recipient conunon 
bile duct found to be kinked and partially obstructed. The 
leak is thought to be associated with the inadvertent per-
foration of the dilated biliary system on day 21 when doing 
a needle biopsy, as the open biopsy on this occasion re-
vealed no bile peritonitis. A small, sealed-off leak 
was present at the proximal cholecystojejunal anastomosis 
in animal 27. 
All the anastomoses were widely patent (both proximal and 
distal) with no evidence of stricture formation or anasto-
motic ulcers. A large stitch abscess was seen in one animal 
(No. 28) - see Figure 37 on page 129F. Some of the anasto-
moses were excessively inverted, and in three, the anastomotic 
lines were gritty to feel (animals Nos. 19, 25 and 28). 
Subsequent microscopy confirmecl the presence of small con-
cretions on the suture lines in these animals. 
The content of the biliary apparatus was completely normal-
looking in 9 animals. Marked bile stasis with inspissated 
bile encrusting the donor gallbladders was seen in two animals 
(Nos. 16 and 18). Three animals (Nos. 20, 21 and 26) demon-
strated fine brown granular sediment plus an aggregation of 
small green plaques 1-2 nun in size. This was classified 
as mild stasis. A large green encrustation was seen on the 
suture line in pig No. 17 - see Figure 36 on page 128F. 
No soft casts were seen in this group, nor was there evidence 
of excessive mucus. 
With the exception of one animal (No. 26) already discussed 
above, the recipient common bile ducts were clear, and no 
leakage was detected from the ligated donor connnon bile duct 
stumps. 
The additional surgical procedures performed in this group 
produced no significant complications. The jejunojejunal 
anastomoses healed well, with no evidence of leakage. The 
defect created in the jejunal mesentery at the time of doing 
the operation, had healed in all cases and no internal herniae 
were seen. In a few cases, small bowel loops were found 
posterior to the jejunal loop mesentery - a potential source 
for intestinal obstruction. 
3. Additional points 
The author was unable to detect any marked differences in macro-
scopic appearance, texture, or thickness between the recipient gall-
bladders in the two transplant groups, and the gallbladders in the 
portacaval and sham control groups. Twenty-one of the donor gall-
bladders appeared normal. 
The patency of the donor and recipient cystic ducts in the two 
groups was extremely difficult to assess, as the structures were 
small, covered with adhesions, and difficult to dissect out at 
autopsy. Lack of radiological facilities in the laboratory pre-
eluded the performance of cholangiograms to assess cystic duct size 
and patency. Most of the donor and recipient cystic ducts appeared 
patent, but it is felt that the assessment was unreliable, and 
that no conclusions could be made about changes in the cystic ducts. 
MICROSCOPIC PATHOLOGY OF THE EXTRAHEPATIC BILIARY APPARATUS 
A number of pre-operative, as well as postoperative specimens taken 
from the extrahepatic biliary tract were inadvertently discarded in 
the laboratory . All the remaining material was ana lysed. 
The. analyses were performed independently by Professor C.J . Uys and 
Dr. J. van den Ende. 
pathologists. 
The author viewed all the . slides with the two 
1. Pre-operative specimens 
' . 
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The pre-operative micro-anatomy of the gallbladders in the trans-
plant groups was essentially normal with the gross finding of oedema 
in a few donor gallbladders being confirmed. Mucosal autolysis was 
seen in one donor gallbladder. ' A section from a pre-operative 
gallbladder is shown in Figure 38. 
biopsies were normal. 
The control jejunal loop 
FIGURE 38 MICROSCOPIC APPEARANCE OF A PRE-OPERATIVE GALLBLADDER 
132F. 
TRANSPLANT GROUPS CONTROL GROUPS 
l(a) l(b) 2{a) 2{b) 
0GB RGB 0GB RGB IJL GB GB 
No. Examined 11 11 8 7 11 5 4 
Nonnal 0 8 0 5 8 3 3 
Inflanmation - Acute 1 1 1 1 0 0 0 
- Chronic 0 1 0 0 2 0 0 
Rejection - Mild 8 0 5 0 0 0 0 
- Moderate 0 0 1 0 0 0 0 
- Severe 3 0 2 0 0 0 0 
Mucosal Ulceration 0 1 0 0 0 0 0 
Autolysis 0 0 0 1 0 2 1 
Necrotic 0 0 0 0 1 0 0 
0GB = Donor gallbladder. IJL = Interposed jejunal loop. 
RGB = Recipient gallbladder. GB = Ga 11 bl adder. 
TABLE 21 MICROANATOMY OF THE EXTRAHEPATIC BILIARY APPARATUS 
AT AUTOPSY 
Group l{a) - Heterotopic allograft plus cholecystocholecystostomy. 
Group l{b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2(a) - End-to-side portacaval shunt. 
Group 2(b) - Sham laparotomy. 
2. Autopsy specimens 
The results are summarised in Table 21 opposite. 
(a) Control groups - 2(a) and 2(b) 
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Gallbladder sections were viewed from five portacaval-shunted 
animals. Two exhibited severe postmortem autolysis, and 
three were normal. In the sham-operated group, three were 
normal, and one showed evidence of postmortem autolysis, 
despite the autopsy being performed innnediately after death. 
There was no evidence of cellular infiltration in the control 
gallbladders. 
(b) Cholecystocholecystostomy - Group l(a) 
Eight of the eleven recipient gallbladders examined histo-
logically were classified as normal. In animal 14, a mild 
acute inflammatory cell infiltrate was seen. In pig 10 a 
mild round cell infiltrate was present, while in pig 9 small 
mucosa! ulcers were present accompanied by a mild acute 
cellular infiltrate. 
varying degrees of cellular rejection were seen in the eleven 
donor gallbladders examined. Eight showed mild rejection 
with maintenance of muscle and mucosa. In pigs Nos. 9, 12 
and 13 severe changes were seen, with almost complete necro-
sis of muscle and mucosa. It was felt that these changes 
were due to rejection, but the possibility of associated 
vascular insufficiency due to inadvertent ligation or 
thrombosis of the cystic arteries could not be excluded, 
because, in the absence of radiological facilities in our 
133F. 
Reci.oLent Donor 
FiGURE 39 MICROSCOPIC APPEARANCES OF THE RECIPIENT AND DONOR 
GALLBLADDERS AT 7 DAYS 
Rec,ptent Donor 
FIGURE 40 MICROSCOPIC APPEARANCES OF THE RECIPIENT AND DONOR 
GALLBLADDERS AT 7 DAYS 
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laboratory, arteriography could not be performed. In pig 
4 there was evidence of mild cholecystitis. The histological 
differences between a donor and recipient gallbladder are 
shown in Figures 39 and 40, and can be compared with the pre-
operative specimen shown on page 131. 
Seven suture lines were examined and 3 of these showed healing 
with no abnormalities. The presence of small II concretions" was 
confirmed in pig 11 (see Figure 43, page 135F), in pig 10 ex-
cess granulation tissue was present at the site of anastomosis 
and a small anastomotic ulcer was seen in pig 8. In pig. 7 
a mild infla~tory response was seen at the site of anasto-
mosis. 
'' 
(c) Cholecystojejunocholecystostomy - Group l(b) 
Of the seven recipient gallbladders analysed, five were classed 
as normal. One, pig 15, showed too much postmortem autolytic 
change for reasonable comment. 
in pig 26. 
Mild cholecystitis was seen 
Of the eleven jejunal loops analysed, six were considered 
completely normal. In Figure 42 the histological appearance 
of a loop at 28 days is shown for comparison with a pre-
operative control jejunal biopsy (Figure 41). Two loops 
showed minimal changes; in pig 26 the loop showed mild at-
rophic changes, but was essentially normal, and in pig 16, 
the loop showed thickening of the wall with thinning of the 
muco~a. A mild mononuclear infiltrate was seen in pigs 19 
and 23, while in pig 18, ~he loop was necrotic. Thus 10 
134F. -
. FIGURE 41 PHOTOMICROGRAPH OF PRE-OPERATIVE JEJUNAL LOOP 
FIGURE 42 PHOTOMICROGRAPH OF INTERPOSED JEJUNAL LOOP AT 28 DAY
S 
of the 11 loops examined appeared viable and showed minimal 
changes. The histological appearances of the interposed 
loops did not di ffer materially from the simultaneous jeju-
nal biopsies. 
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Eight donor gallbladder sections were analysed. Mild rejec-
tion was seen in five. In pigs 17 and 2 7 the rejection was 
severe. In pig 26, there was moderate rejection with evi-
dence of cholecystitis and ulceration. 
In pig 26 microscopic ulceration was present at the site of 
the anastomosis. Large anastomotic concretions were seen 
in pigs . 26 and 28 - an example of .which ts shown in Figure 44 
on page 135F. 
1 
No striking histological differences were observed between 
recipient gallbladders in the two transplant groups, but the 
degree of donor gallbladder rejection in the cholecystojejuno-
cholecystostomy group appearei:I less severe than that seen in 
the gallbladder to gallbladder group. 
3. Summary of the effects seen 
In summary, the micro-anatomy of 18 recipient gallbladders was 
studied. Thirteen were considered normal, two showed evidence 
of mild acute inflammation, mild chronic inflammation was seen 
in one, and one showed evidence of microscopic ulceration of the 
mucosa. One specimen was too autolytic for reasonable comment. 
No striking histological differences could be detected between 
the recipient gallbladders in the two transp~ant groups. 
135F. 
FIGURE 43 ANASTOMOTIC CONCRETION 8 DAYS AFTER CHOLECYSTO-
CHOLECYSTOSTOMY (arrowed) 
FIGURE 44 ANASTOMOTIC CONCRETION 28 DAYS AFTER CHOLECYSTO-
JEJUN.OCHOLECYSTOSTOMY ( arrowed) 
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Nineteen donor gallbladders were analysed, all of which showed 
evidence of rejection, through a wide spectrum. In five animals 
the rejection was severe, with almost complete necrosis of gall-
bladder wall; the remaining 14 showing less severe rejection. 
Acute inflammatory changes were seen in two, and mucosal ulcera-
tion in one. The degree of rejection in the cholecystocholecys-
tostomy group, in general, appeared more severe than in the group 
where the interposed loop was used. As shall be shown later, 
the degree of rejection seen in the livers in this group was also 
more severe. 
Very mild changes were seen in two of the interposed jejunal loops, 
the remainder being classed as normal, with no evidence of acute 
inflammation. One showed macro- and microscopic necrosis. 
BACTERIOLOGY OF THE EXTRAHEPATIC BILIARY APPARATUS 
Pre-operative donor and recipient gallbladder swabs were taken from 
most of the animals in the two transplant groups l(a) and l(b). In 
group l(b), swabs were also taken from the jejunal loop prior to its 
interposition between the two gallbladders. 
At autopsy, swabs were taken only from sacrificed transplant recip-
ients and sham operated animals. A single swab was taken from the 
extrahepatic biliary apparatus as soon as it had been opened. No 
swabs were taken from animals that had been dead for longer than 20 
minutes. Culture swabs were not taken from group 2(a) animals, nor 
from a few of the earlier transplant animals. 
marised on Table 22 on the following page. 




Pig Gall Bladder Extrahepatic Jejunum No. Donor Recipient Biliary Apparatus 
7 N N - E. coli 
8 N N - N 
9 N N - Co 1 i fonns 
Enterococci 
l(a) 10 N N - -
11 N N - N 
12 N - - N 
13 N N - Paracolon 
14 N N - Col ifonns 
Achromobacter 
18 N Pseudomonas Staph. aureus -
19 N N Coli fonns Coli fonns 
Paracolon (2 Strains) 
20 Coliforms N Coli fonns -
Paracolon 
Enterococci 
21 Coliforms N Coli forms Coli fonns 
Staph. albus 
22 N N Coli fonns -
l(b) Paracolon 
23 N N N Enterobacter 
24 N N N Coli fonns 
25 N N N -
26 N N Colifonns -
27 N N Pseudomonas -
Coli forms 
28 N N Pseudomonas Pseudomonas 
Flavobacter sp. 
Prat. rettge ri 
43 - - N 
44 - - Enterococci 
2(b) 
Staph. aureus 
45 - - N 
46 - - Enterococci 
Coli fonns 
47 - - Col ifonns 
N = Negative Culture. - = No specimen submitted. 
- ·----.·---
TABLE 22 BACTERIOLOGY OF THE BILIARY APPARATUS 
136. 
1. Pre-operative specimens 
(a) Gallbladders 
(b) 
Thirty-seven swabs were processed. No organisms were cul-
tured from thirty-four of the gallbladders. Coliforms were 
cultured from two animals, and Pseudomonas from one animal. 
Interposed jejunal loops 
Of the eleven swabs processed, only three proved to be nega-
tive on culture. Eight revealed the presence of organisms, 
a mixed growth being obtained in 5, and a single growth in 
4. Thus over 70% of the loops were shown to harbour organ-
isms at the time of initial operation. 
2. Autopsy specimens 
In group l(a), seven swabs were studied. No organisms were cul-
tured from the extrahepatic biliary tract in 3 animals, while 4 
were positive for bowel organisms. 
Five specimens were studied in group l(b), and all produced positive 
cultures. In three of the positive cultures, the same organism 
was cultured both pre- and postoperatively. 
the pre-operative cultures were negative. 
Five specimens from group 2(b) were analysed. 
In the remaining two, 
Bowel organisms 
were cultured from three, while two produced negative cultures. 
3. Additional points 
All animals in the series were covered with Penicillin and Chloro-
mycetin intra- and postoperatively. The resistance patterns of 
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the organisms cultured from the biliary tracts became apparent mid-
way through the series. Approximately 75% of the organisms were 
resistant to the antibiotics used. The most efficacious combina-
tion appeared to be Keflin and Gentamycin. No change was made in 
the antibiotic therapy for two reasons. Firstly, half the series 
had been completed using the standard antibiotics, and it appeared 
undesirable to introduce any variant in treatment, which might 
affect the comparative nature of the study. The second practical 
reason was that the liberal use of these two antibiotics would add 
significantly to the cost of the project. 
DISCUSSION ON THE FINDINGS IN THE EXTRAHEPATIC BILIARY 
APPARATUS 
The analysis of the local effects of the surgical proce-
dures in group l(b) has shown that the interposition of 
a vascularised jejunal loop as a conduit between donor 
and recipient gallbladders, is a technically satisfactory 
procedure. Thirteen of the fourteen loops were viable 
and showed minimal macroscopic and microscopic changes, 
compared to the pre-operative control specimens, and the 
simultaneous autopsy specimens taken from the jejunum. 
This suggests that the blood supply had been adequate 
and that the constant passage of concentrated bile had 
had no morphologically harmful effect on the interposed 
loops for the time period studied. 
The additional surgical procedures required to perform 
the loop interposition, did not produce any complications 
in this series, but the potential hazards of small bowel 
anastomotic leaks, and internal herniae, should not be 
overlooked. 
In both transplant groups, the conjoined biliary drainage 
apparatuses appeared technically successful, with the 
components lying comfortably, and without undue tension, 
kinking or torsion. 
comparable. 
The viability and contents were 
The recipient gallbladders in the two transplant groups 
showed comparable, minimal changes both macroscopically 
and microscopically, from the pre-operative control 
specimens, and from postoperative specimens from control 
animals in groups 2(a) and 2(b), even in the presence of 
confirmed bile infection. This suggests that the two 
types of drainage had a comparable and negligible effect 
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on the recipient gallbladders, suggesting good drain-
age of the conjoined system into the host pylorus. 
The macroscopic and microscopic changes in the donor 
gallbladders were roughly comparable in the two groups, 
and the spectrum of changes seen was similar to the 
donor gallbladder changes previously reported with or-
thotopic transplantation in pigs and dogs (42, 198), 
auxiliary canine transplantation (191, 201) and in hu-
man grafting (128, 193). Donor gallbladder changes 
in the present series appeared to be due primarily to 
rejection, and the degree of rejection roughly paral-
leled the degree of rejection seen in the corresponding 
livers. Other factors such as cystic artery insuffi-
ciency, autolysis of the donor gallbladder mucosa at the 
time of transplant, ischaemic damage at time of trans-
plant and postoperative biliary infection may also have 
contributed to some of the changes seen. 
The extent to which the donor cystic ducts were involved 
in these changes could not be assessed, but the Denver 
group have reported obstruction of the donor cystic ducts 
in a number of patients with fatal results (128, 184). 
These cases have led the Denver group to consider aban-
doning the use of the donor gallbladder in creating 
biliary drainage (128), but the high incidence of leaks 
with anastomoses involving the conunon bile duct in both 
England (224) and Denver (187), has led the Denver team 
to persist with cholecystenterostomies. Long term 
survival has been reported with cholecystenterostomy by 
both teams (224, 187). The short term morphological 
changes seen in the donor gallbladders in the present 
series are unsatisfactory, but this appears to be a 
problem common to all transplanted gallbladders, and 
the basic problem appears to lie in the prevention or 
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adequate treatment of rejection per se, and not in the 
drainage technique used. 
The findings in the biliary anastomotic lines in both 
groups are of interest. Leaks were infrequent and com-
parable in the two transplant groups. Small anastomotic 
concretions were seen with both techniques, and may be 
due to the encrustation of necrotic tissue in the suture 
lines with bile salts. These concretions may be the 
nidus for gallstone formation in the long term survivors. 
Anastomotic concretions have previously been reported in 
experimental transplantation (42), and were thought to be 
due to the use of unsuitable sutures. 
In both experimental and clinical liver transplantation, 
the biliary anastomosis is constructed towards the end of 
140. 
a time-consuming, arduous operation, and it is the author's 
contention that some of the anastomotic complications re-
ported with both clinical and experimental transplantation 
might be the result of inadequate care and diminished skill 
on the part of the surgeon who has been operating usually 
in excess of four hours. It might be prudent at this 
stage to introduce a fresh surgeon who would be able to 
perform the anastomoses with the utmost care. 
Although the numbers in this porcine series are small, 
the bacteriological analysis of the biliary tract swabs 
has revealed that the interposition of an isolated je-
junal loop between the donor and recipient gallbladders 
presents the danger of introducing gram negative organ-
isms into the biliary tract. However, in gallbladder 
to gallbladder anastomoses, and in the sham animals in 
whom the integrity of the biliary tract was not disrupted, 
a significant percentage of the animals exhibited the 
same spectrum of organisms postoperatively as seen in 
the group with cholecystojejunocholecystostomy. 
The bacteriological problems specific to the liver in 
clinical transplantation have been discussed by the Den-
ver group (71, 182) and have been the subject of an exten-
sive investigation in dogs and pigs (31, 120). They 
reported a low incidence of organisms in the swabs taken 
from the bile of normal pigs (5 out of 34 positive) and 
a high incidence of positive swabs from normal pig duo-
denum (25 out of 34). The percentage positive cultures 
were almost identical to those found in the present por-
cine series, as shown in Table 22 on page 136F. 
Postoperatively, they cultured 18 organisms from the bile 
of 5 pigs who had been subjected to orthotopic transplan-
tation with biliary drainage by means of cholecystoduo-
denostomy, and showed convincingly that the incidence of 
positive bile cultures was significantly higher follow-
ing cholecystoduodenostomy, than when the common bile 
duct was left intact, and that the incidence and severity 
of cholangitis followed a similar pattern (120). In 
addition, they reported that the administration of appro-
priate antibiotics significantly decreased the incidence 
of complications due to these organisms (31). 
In the present series, the histology of the interposed 
loops, and of donor and recipient gallbladders, did not 
show much evidence of infection despite the positive bile 
cultures, and, as ~hall be shown later, the incidence of 
cholangitis in the donor and recipient livers was low 
and of mild degree. Similar observations have been re-
ported in human liver transplantation (135). 
The potential hazards of any infection in immunosuppressed 
patients is well known, and it is obligatory to try to 
avoid any potential source of infection. Starzl (187) 
has recently reviewed the philosophy of biliary drainage 
in liver transplantation, and proposes that the biliary 
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drainage of the transplanted liver should be removed as 
far as possible away from the mainstream of the gastro-
intestinal tract because of the potential hazards of 
biliary infection from bowel organisms. 
The technique of cholecystocholecystostomy used in the 
present series achieves this aim, while, in principle, 
the isolated, interposed jejunal loop is also cut off 
from the mainstream. It appears reasonable to propose 
that pre-operative bowel sterilization, intra-operative 
rinsing of the loop with appropriate antibiotic solutions, 
and the use of appropriate postoperative parenteral anti-
biotics might decrease the incidence of positive cultures, 
and thus the hazards of infection. 
It is thus evident that drainage via a cholecystocholecys-
tostomy would be safer than that via cholccystojejuno-
cholecystostomy from the point of view of bowel-based 
infection, and that the interposition of a jejunal loop 
should be reserved for those cases in which the gallblad-
ders cannot be easily apposed. 
Comparative bile flow and biliary tract motility studies 
could not be performed in the absence of radiological 
facilities in our animal laboratories. 
Overall, the present study has shown that most of the local 
effects of the two techniques of biliary drainage were 
comparable. The additional surgical procedures involved 
in jejunal interposition, plus the hazard of bowel-based 
infection, would favour cholecystocholecystostomy, unless 
the two gallbladders cannot be apposed. 
The regional effects of the procedures on the livers and 
blood vessels will be discussed in the next section. 
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PART II 
C H A P T E R 3 
SECTION III - REGIONAL EFFECTS OF THE PROCEDURES 
ON THE LIVERS AND BLOOD VESSELS 
SUMMARY 
The macroscopic findings in the livers and blood vessels of the four 
groups of animals are presented, analysed, compared and discussed in 
the first half of this section. 
In the second half of the section, detailed histological analyses of 
all the serial liver biopsies taken from the animals in groups l(a), 
l(b), 2(a) and 2(b) are presented, together with the results of 
simultaneous analyses of the liver biopsy material from two previous 
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series (Dent and Immelman). The analyses are presented and discussed 
in three parts: 
( 1) Assessment of the incidence and degree of cholestasis and 
cholangitis 
(2) Assessment of the incidence and degree of hepatocyte damage 
(3) Assessment of the incidence and degree of rejection. 
Finally, towards the end of Section III, the histology of the blood 
vessels is briefly presented, and the histological findings in the 
livers and blood vessels discussed. 
MACROSCOPIC PATHOLOGY OF THE LIVERS AND BLOOD VESSELS 
Details of the conduct of the experiments, and the methods used to 
assess the livers and blood vessels at initial operation, and at au-
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topsy, have been described in Part II, Chapter 2. The general appear-
ance and physical characteristics, the type and nature of vascular com-
plications, and the site and type of sepsis seen, was recorded for each 
liver at initial operation and at autopsy. Donor livers were weighed 
at initial operation. All livers were weighed at autopsy. Weighing 
was performed 15 minutes after removal from the animal. 
The results of this part of the study are presented in detail in the 
case histories on pages 269-315. 
1. MACROSCOPIC ASSESSMENT AT INITIAL OPERATION 
(1) Appearance and Physical Characteristics 
The livers of the animals used in all four experimental groups 
l(a), l(b), 2(a) and 2(b), including the donor livers used 
in groups l(a) and l(b), appeared essentially normal on cap-
sular and cut surfaces at initial operation. Small circum-
scribed whitish areas were present on the capsular surface 
of many livers, and were usually associated with worms in 
the gastrointestinal tract. This phenomenon was regarded 
as a normal variant for the pigs used in this study. Bile 
staining was not detected in any of the pre-operative livers. 
Adhesions between liver and bowel or peritoneum were extremely 
infrequent. 
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The livers were all of fairly uniform soft consistency, and 
cut easily, with no grittiness, when taking the control wedge 
biopsies. 
(2) Vascular complications 
There was no evidence of vascular complications in any of the 
livers examined. Subcapsular infarcts_ were not seen, while 
the portal veins and hepatic arteries appeared patent in all 
animals. In addition, the hepatic veins of the donor livers 
were all inspected and found free of thrombi. 
(3) Septic complications 
No intrahepatic or perihepatic abscesses were detected in the 
pre-operative animals. 
(4) Liver weights 
The donor livers were weighed, and the donor liver weight 
for 33 animals was found to be 3,625% of the total body weight. 
This compared favourably with Hickman's report (89) in which 
the liver weight for pigs was found to be 3,64% of total body 
weight in 50 animals. Hiclanan's formula was used to assess 
the pre-operative liver weights for the control animals 
(groups 2(a) and 2(b)) and for the recipient livers in groups 
l(a) and l(b). 
l 49F. 
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FIGURE 45 CLOSELY APPOSED DONOR AND RECIPIENT LIVERS -
GROUP l(a) (28 days after transplant) 
FIGURE 46 CLOSELY APPOSED DONOR AND RECIPIENT LIVERS -
GROUP l(b) (28 days after transplant) 
2. MACROSCOPIC ASSESSMENT AT AUTOPSY 
(1) Appearance and physical characteristics 
At autopsy, loops of bowel, omentum and/or parietal perito-
neum were found to be adherent, in varying degrees, to the 
capsular surface of the livers in most animals from all four 
experimental groups. The adhesions were usually more wide-
spread and tenacious over the transplanted livers. Lysis of 
the adhesions tended to interfere with the interpretation of 
the overall appearance of capsular surface, but in all cases, 
some areas free of adhesions could be found to allow an 
assessment to be made. 
(a) Groups l(a) and l(b) - Donor livers 
Throughout the series in both groups l(a) and l(b), the 
donor and recipient livers were found to be closely 
apposed and firmly adherent to one another at autopsy. 
On superficial inspection it was often difficult to dis-
tinguish between the donor and recipient livers in an 
individual animal. The appearances of a pair of closely 
apposed livers from each group are demonstrated in Fig-
ures 45 and 46 on the opposite page. 
On close inspection, however, even the best quality donor 
livers from both groups had subtly different appearances 
from their respective recipient livers. The donor livers 
were of slightly lighter colour on both capsular and cut 
surfaces, and minute inspection of the capsular surfaces 
revealed a fine honeycombed appearance totally different 
149. 
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DONOR RECIPIENT CONTROL 
l(a) l(b) l(a) l(b) 2(a) 2(b) 
I 
No. % No. % No. % No. % No. % No. % 
- >-----~ --·--- - L ____ ------ -·----~---~- --
Normal - - - - 14 100 12 86 13 100 5 100 
! 
"Normal" 8 62 10 71 - - 2 14 - - - - I 
Firm - - 2 14 - - - - - - - -
Congested 1 8 1 7 - - - - - - - -
Patchy infarcts 3 23 - - - - - - - - - -
Segmental infarcts i - - - - - - - - - - - I -
Total infarction 1 8 1 7 - - - - - - - -
Not assessed (gas) 1 - - - 1 -
TABLE 23 PHYSICAL CHARACTERISTICS OF THE LIVERS AT AUTOPSY 
Group l(a) - Heterotopic allograft plus cholecystocholecystostomy. 
Group l(b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2(a) - End-to-side portacaval shunt. 
Group 2(b) - Sham laparotomy. 
from that of the recipient livers. In addition, the 
donor livers were tougher to slice, and on cutting into 
them, there was grittiness similar to that encountered 
when cutting into a pear. These subtle differences 
from normal might have been missed had the respective 
recipient livers not simultaneously been available for 
comparison. 
Not a single donor liver from either group l(a) or group 
l(b) could therefore be classed as completely normal. 
As shown in Table 23 opposite, 8 livers from group l(a) 
and 10 from group l(b) appeared superficially normal on 
cut and capsular surface, were of soft consistency, but 
had the subtly different characteristics already out-
lined, and were classed as "normal". Two livers in 
group l(b), (pigs Nos. 16 and 21) were found to be 
firmer than normal, and firmer than their respective 
recipient livers, and were classed as II firm''. One 
liver in each of groups l(a) and l(b) (pigs Nos. 8 and 
23) exhibited either patchy or generalised congestion. 
Solitary or multiple infarcts of varying severity were 
seen on capsular or cut surface of 3 livers (pigs Nos. 
5, 6 and 9) in group l(a). Total infarction of the 
whole donor liver and external biliary tract was seen 
in one animal from each group (pigs Nos. 3 and 18). 
The donor liver from animal No. 2 had developed gas 
gangrene by the time autopsy was performed, and the 
characteristics could not be accurately assessed. 




(b) Groups l(a) and l(b) - Recipient livers 
The appearance and physical characteristics of 14 re-
cipient livers in group l(a) and 12 in group l(b) were 
assessed as completely normal. Two livers from group 
l(b) deviated slightly from normality, and were classed 
as 11 normal" • In pig 20, a fine reticular pattern was 
seen on the capsular surface of the recipient liver, 
similar to that seen in its donor liver. In pig No. 
26, the recipient liver was uniformly brown, but normal 
in other respects, Bile staining was not detected in 
any of the recipient livers. 
(c) Groups 2(a) and 2(b) - Control livers 
The livers from groups 2(a) and 2(b) all had characteris-
tics indistinguishable from the pre-operative assessment, 
and from the recipient livers, and were all assessed as 
normal. Bile staining was not detected in any of the 
control livers. One liver from group 2(a) had developed 
gas gangrene and could not be assessed. 
(2) Vascular complications 
(a) Groups l(a) and l(b) - Donor livers 
The incidence of vascular problems in the donor livers 
and vessels from both groups l(a) and l(b) was distres-
singly high. The results are tabulated in Table 24 on 
the following page. 
l.S2F. 
DONOR RECIPIENT CONTROL 
l(a) l(b) l(a) l(b) 2(a) 2(b) 
No. % No. % No. % No. % No. % No. 
ARTERIAL 
- no evidence thrombi 9 64 13 93 14 100 14 100 13 100 5 
- non occlusive I 
thrombi 2 14 0 0 0 0 0 0 0 
I 0 0 
I - complete occlusion 3 21 1 7 0 0 0 0 0 0 0 
- anastomotic I stenosis 0 0 0 0 - - - - - - -
PORT AL VENOUS 
- no evidence I 
thrombi 13 93 9 I 64 - - - - 13 100 5 
- non occlusive 
I I 
I thrombi 0 0 2 14 - - - I - 0 I 
0 0 
I 
- complete occlusion 1 7 3 21 - - - I - 0 0 0 
- anastomotic stenosis 0 0 0 0 - - - - 0 0 -
HEPATIC VENOUS 
- no evidence 
thrombi 11 79 8 57 14 100 14 100 13 100 5 
- non occlusive 
thrombi 2 14 5 36 0 0 0 0 0 0 0 
- complete occlusion 1 7 1 7 0 0 0 0 0 0 0 
- anastomotic stenosis 0 0 1 7 - - - - - - -
Not assessed 0 0 0 0 0 0 0 0 1 7 0 
















In group l(a) only four donor livers were macroscopically 
completely free of vascular complications. The donor 
aortic cuff was completely occluded in pigs Nos. land 3, 
while in pig No. 7, one distal branch of the hepatic 
artery was completely occluded. In pigs Nos. 9 and 13 
a thrombus was present in the donor aortic cuff inunedi-
ately distal to the origin of the coeliac axis, but in 
each case was non-occlusive, and related to tying off 
the aortic cuff too far distally from the origin of the 
coeliac axis. Although these thrombi were non-occlu-
sive, they are included as complications as it is felt 
that they may have the potential of propagating. All 
the portal veins were patent and clear of thrombi except 
in pig No. 3, where the liver had sloughed. The 
hepatic veins were patent and free of thrombi in 11 
animals. In pig No. 9 a large antemortem thrombus 
was present in the right hepatic vein, with accompany-
ing congestion and thrombi being seen on cut section of 
part of the liver. A small non-occlusive thrombus was 
found in the right hepatic vein of pig No. 10. Infarcts 
were seen in several livers. Multiple small infarcts 
were present in pigs Nos. 5, 6 and 9. In pig No. 8 
small patchy areas of antemortem thrombi were seen in 
the left anterior lobe. 
In group l(b), 4 of the donor livers revealed no evidence 
of vascular complications. The hepatic arteries were 
patent and free of thrombi in 13 livers, while in pig 
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No. 18 the aortic segment and hepatic artery had throm-
bosed, and the liver was completely infarcted. The 
portal veins and anastomoses were normal and patent in 
9 livers. A small non-occlusive thrombus was present 
in the portal vein in pigs Nos. 23 and 27, while in pigs 
Nos. 17, 18 and 19 the portal veins were completely 
occluded with antemortem thrombus. The cavo-caval 
anastomosis was satisfactory and the hepatic veins 
patent and clear of thrombi in 8 livers. Small, non-
occlusive thrombi were seen in 4 animals (Nos. 19, 23, 
25 and 26). In pig No. 20 the right hepatic vein was 
completely occluded with a clearly demarcated area of 
congestion and thrombi on cut surface. The hepatic 
vein was occluded and cpithclialised in pig No. 18, 
the donor liver of which was completely infarcted. 
Mild cavo-caval anastomotic stenosis was found in pig 
No. 16, but there was no evidence of thrombotic occlu-
sion. 
(b) Groups l(a) and l(b) - Recipient livers 
All recipient livers from groups l(a) and l(b) were free 
of vascular complications. 
(c) Groups 2(a) and 2(b) - Control livers 
Hepatic vascular complications were not detected in 
groups 2(a) and 2(b). The portacaval shunts in groups 
2(a) were all patent at autopsy with no evidence of par-
tial occlusion or anastomotic strictures. 
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DONOR RECIPIENT CONTROL 
l(a) l(b) l(a) l(b) 2(a) 2(b) 
No. % No. % No. % No. % No. % No. % 
Nil 10 77 13 93 14 100 14 100 12 92 5 100 
Intrahepatic 3 23 1 7 0 0 0 0 1 8 0 0 
Perihepatic (1) (8} 0 0 0 0 0 0 0 0 0 0 
Not assessed 1 0 0 0 1 0 
TABLE 25 SEPTIC LIVER COMPLICATIONS IN THE FOUR GROUPS AT AUTOPSY 
Group Ila) - Heterotopic allograft plus cholecystocholecystostany. 
Group 1 b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2 a) - End-to-side portacaval shunt. 
Group 2(b) - Sham laparotany. 
(3) Septic complications 
(a) Groups l(a) and l(b) - Donor livers 
The macroscopic evidence of sepsis was roughly the same 
in the donor livers from the two groups, see Table 25 
opposite. 
In group l(a) ten of the donor livers showed no evidence 
of intrahepatic sepsis. Intrahepatic abscesses were 
found in the donor livers of pigs Nos. 1 and 2. In 
pig No. 7, an abscess was found extending from the site 
of the weekly subcostal biopsy incision into the sub-
stance of the liver. A large subphrenic abscess was 
present over the donor liver of pig No. 4, and appeared 
to involve part of the substance of the liver. The 
sloughed donor liver of pig No. 3 could not be accurately 
assessed for sepsis. 
In group l(b), 13 livers were macroscopically free of 
sepsis. Multiple small abscesses were present through-
out the donor liver of Pig No. 15. Twenty-three out of 
the 27 donor livers that could be assessed were thus 
free of gross sepsis. 
(b) Groups l(a) and l(b) - Recipient livers 
All recipient livers in both groups l(a) and l(b) were 
macroscopically free of sepsis. 
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J SSF. 
DONOR RECIPIENT CONTROL 
l(a) l(b} l(a) l(b} 2(a) 2(b) 
No. % No. % No. % No. % No. % No. % 
Increase :>5% 2 17 5 36 0 - 0 - 1 11 5 100 
Static 2 17 0 - 0 - 1 7 1 11 0 -
Decrease >5% 8 66 9 64 13 100 13 93 7 78 0 -
Not assessed 2 0 1 0 5 0 
TABLE 26 LIVER WEIGHT CHANGES IN THE FOUR GROUPS OF ANIMALS 
Group lla) - Heterotopic allograft plus cholecystocholecystostomy. 
Group 1 b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2 a) - End-to-side portacaval shunt. 
Group 2(b) - Sham laparotomy. 
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(c) Groups 2(a) and 2(b) - Control livers 
Twelve livers from group 2(a) were free of sepsis, while 
one liver, from pig No. 31, had multiple small abscesses 
throughout the liver. In pig No. 41, autolysis had 
occurred and the liver could not be analysed accurately. 
All five livers from group 2(b) remained macroscopically 
free of sepsis. 
(4) Liver weight changes 
(a) Groups l(a) and l(b) - Donor livers 
The liver weight changes that occurred between initial 
operation and autopsy are detailed in the case histories 
in the Appendix, pages 269-296, and sunnnarised in Table 
26 on the opposite page. For the purposes of this 
presentation, a weight change of 5% or less has arbi-
trarily been regarded as insignificant, and the livers 
regarded as being static in weight. 
In group l(a), 8 of the donor livers lost weight 
(range 19% - 54%), while 2 livers showed insignificant 
weight change. Weight gain·was seen in 2 livers, 5,2% in 
pig No. 13, and over 200% in pig No. 9. However, the 
liver from pig No. 9 was abnormal and shown to have intra-
hepatic thrombi and congestion. The livers from pigs 
Nos. 2 and 3 were not weighed on account of gas gangrene 
and gross infarction respectively. 
In group l(b), 9 of the donor livers showed weight loss 
in excess of 5% (range 13% - 54%), while no livers re-
mained static. Five donor livers had gained weight. 
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In pig No. 18, the liver had shown a 33% increase in 
weight but the whole liver was infarcted and congested. 
The remaining 4 livers, from pigs Nos. 20, 22, 24 and 28 
revealed a weight increase ranging from 23% - 172%, and 
were judged macroscopically to be of good quality. 
Nineteen of the transplanted livers thus lost weight, or 
failed to gain weight. Two showed weight gain, but were 
macroscopically abnormal. One liver in group l(a) 
showed slight weight gain, while four in group l(b) 
showed marked weight gain. 
(b) Groups l(a) and l(b) - Recipient livers 
The 13 recipient livers from group l(a) showed weight 
loss in excess of 5% compared to the pre-operative 
weights (range 5,8% - 52%). One liver was not weighed -
animal No. 2. When compared to the estimated weight 
at autopsy, 9 of the recipient livers weighed less than 
the expected weight (range 14% - 46%) while in two the 
actual and expected weights were similar. 
In group l(b), 13 recipient livers lost weight in excess 
of 5% (range 5,7% - 34%). One liver remained static. 
In 11 animals, the actual liver weight was less than the 
expected liver weight at autopsy (range 8% - 42%) while 
157F. 
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All the livers used to compile this graph came 
from animals that had survived to 28 days. 
The livers were weighed 15 minutes after re-
moval from the animal. Pre-operative weights 
werecalculated as being 3,64% of total body weight. 
FIGURE 47 MEAN PERCENTAGE LIVER WEIGHT CHANGE 
Group .l( .. )-1-/elerat.op,.c auogr.:Jrt.,. cholecystocholecystostom.':J· 
Gnxp l(.b)- ,, d + chol.ecystQJtLJUn.ochol..<ecy5-Co5Com1J-
Group <(a)· E.ru:i--to-.sid.e portacaval shunt. 
Group 2(b)· ShBrn lsp11rotomy-
in three animals the actual and expected weights were 
similar. 
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The weight change patterns of the recipient livers of ani-
mals surviving to 28 days are shown in Figure 47 on the 
opposite page. The pattern of recipient liver weight 
changes in these animals is similar and comparable in 
groups l(a) and l(b), and roughly similar to the changes 
seen in the portacaval-shunted animals from group 2(a), 
but significantly different from that seen in group 
2(b) animals. 
(c) Groups 2(a) and 2(b) - Control livers 
In group 2(a), 7 livers had lost weight in excess of 5% 
(range 11% - 49%), while one remained static and one 
gained weight of 6% (pig No. 34). In 10 animals, the 
actual liver weight was less than the expected weight 
(range 8% - 64%)~ while the actual and expected weights 
were similar in only one animal. A broken scale pre-
eluded analysis of 5 livers. The mean liver weight 
changes for the 5 animals surviving to 28 days are shown 
in Figure 47 on page l57F. The liver weight loss 
appeared disproportionate to the loss of body weight in 
the same animals, as shown in Figure 48 on the following 
page. 
In group 2(b), all the livers showed weight gain in ex-
cess of 5% (range 22% - 101%). In three of these animals 
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FIGURE 48 COMPARISON OF THE MEAN PERCENTAGE CHANGES IN LIVER AND 
BODY WEIGHT IN GROUPS 2(a) and 2(b) (Mean+ 1 SEM) 
= Group 2(a) - End-to-side portacaval shunt 
= Group 2(b) - Sham laparotomy 
2(b) 
2(a) 
The criteria and data used to compile this graph are the 
same as those used for Figure 47 
158. 
(range 10% - 21%), while in 2 the actual and expected 
weights were similar. The mean weight changes of the 
four animals sacrificed on day 28 are shown in Figure 
47 on page 157F. The increase in liver weight was 
roughly commensurate with the increase in body weight 
as shown in Figure 48 on the opposite page. 
DISCUSSION IN CONTEXT 
The macroscopic assessment of the livers from all four 
experimental groups, both pre-operatively and at autopsy, 
have been presented. 
The general appearance and physical characteristics of 
the donor livers in groups l(a) and l(b) were roughly simi-
lar at autopsy. None of the livers could be classed as 
completely normal, but over 60% in each group were of good 
quality, with only subtle deviations from normal. By 
contrast, almost all the recipient and control livers were 
adjudged completely normal. 
Vascular complications were conunon and comparable in the 
donor livers from groups l(a) and l(b), while the recipient 
and control livers were macroscopically free of any vascu-
lar complications. Unfortunately facilities for arterio-
graphy did not exist in the laboratory, and neither the time 
of onset, nor the actual extent of the vascular impairment 
could be assessed accurately. It had been hoped to use a 
cuffed indwelling flowmeter in an attempt to detect changes 
in donor liver blood flow, but technical problems associ-
ated with the machine (45) precluded this and the problem 
had only been solved in vitro (88) by the time the opera-
tions on the pigs had been completed. 
Septic complications were infrequent and roughly com-
parable in the donor livers of groups l(a) and l(b), 
and absent in all but one of the livers from the recipi-
ent and control groups. 
The pattern of weight cha~ges in the donor livers from 
groups l(a) and l(b) were slightly different. Most of 
the livers evidenced weight loss, while only 5 "normal" 
livers gained weight. 
The recipient livers all lost or failed to gain weight, 
the mean weight losses for the livers from groups l(a) 
and l(b) being comparable, and similar to the mean weight 
loss seen in group 2(a). This may be due to the fact 
that the recipient livers were deprived of primary access 
to portal blood as discussed in the Main Introduction, 
pages 25-27. By contrast none of the sham operated ani-
mals in group 2(b) showed loss of liver weight. All 
gained liver weight compared to the estimated pre-opera-
tive weight, and the liver weight gain was roughly connnen-
surate with total body weight gain. 
Gross bile staining was absent in all the livers analysed, 
despite, in the case of pig No. 26, partial obstruction to 
the common bile duct. 
CONCWSIONS IN CONTEXT 
Bearing in mind the objectives of this animal study, a 
number of pertinent conclusions can be derived from the 
macroscopic analysis of the livers. 
The absence of bile staining in the donor livers from 
both groups l(a) and l(b), indicates that neither of the 
159. 
two methods of biliary drainage that were used, caused 
gross biliary obstruction. The comparable, low inci-
dence of gross sepsis in the donor livers from the two 
groups suggests that the two types of biliary drainage 
did not predispose to septic intrahepatic complications. 
The comparable absence of complications in the recipient 
livers in the two groups, indicates that the two methods 
of biliary drainage used had no deleterious effect on 
the animals' own livers. The weight changes seen in 
the recipient livers were comparable to those seen in 
the portacaval-shunted livers, and may be due to the 
fact that the recipient livers were deprived of primary 
access to portal blood. 
None of the donor livers had completely normal physical 
characteristics at the time of autopsy, and the spectrum 
of deviation from normality was comparable in the two 
groups, suggesting that factors other than the biliary 
















































































































































































































































































































































































































































MICROSCOPIC ANALYSIS OF THE LIVERS FROM THE PRESENT AND PREVIOUS SERIES 
Three separate histological analyses were carried out on all the liver 
biopsy material from the four groups of animals in the present series, 
and, for comparative purposes, on the available histological material 
from two previous liver transplant series performed in the same labora-
tory by Dent (55) and Immelman (97, 99). The three analyses were per-
formed on a blind observer basis by the author. The groups of animals 
from which the liver biopsies were derived, are shown in Table 27 on 
the opposite page. The detailed results of the analyses are presen-
ted in Tables 4-0-47 in the Appendix, pages 316-326 and, for easy 
reference in the individual case histories. 
The methods used to collect the liver biopsies from the four groups 
in the present series, have been described.in detail in Part II, 
Chapter 2. Essentially, a single wedge biopsy was taken from each 
liver at initial operation, needle biopsies at weekly intervals, and 
multiple, randomly selected cubed sections at autopsy. The biopsies 
were fixed in formol saline. Following fixation, the tissues were 
processed by a Shandon-Elliot automatic tissue processor, and embedded 
in Paraplast embedding medium (melting point 56-57°C). Sections 2-4 µ 
in thickness were cut using a Jung base sledge microtome. 
All the liver sections were stained routinely with Haematoxylin and 
Eosin, Methyl Green Pyronine (Unna Pappenheim), and Goddard and Sweet's 
reticulin stain (counter-stained with Von Giesson). When deemed 
necessary selected sections were also stained for Bilirubin (Hall's 
bilirubin stain), Iron (Perles' Prussian Blue stain), and Glycogen 
(Best's Carmine stain and periodic acid Schiffs stain). 
162. 
The histological material from the two previous series (Dent - groups 
3(a) and 3(b), and Immelman - groups 4(a), 4(b) and 4(c)) had been 
harvested, processed and stained in a similar manner. 
The three analyses performed on each histological section were: 
(A) An assessment of the incidence and degree of cholangitis and 
cholestasis, i.e. an assessment of the intrahepatic biliary 
tract. 
(B) An assessment of the incidence and degree of hepatocyte damage, 
i.e. to establish an index of the functional integrity of each 
liver. 
(C) An assessment of the incidence and degree of rejection. 
Each analysis will be presented and discussed individually. 
The results of these analyses were used: 
(1) As part of the comparative study of the effects of the two 
techniques of biliary drainage used in the present series 
(2) In an attempt to correlate serial biochemical and haematological 
changes with hepatocellular damage and graft rejection. 
(A) ASSESSMENT OF THE INCIDENCE AND DEGREE OF CHOLANGITIS AND 
CHOLESTASIS 
1. Introduction 
The frequent development of intrahepatic cholangitis and 
cholestasis in both clinical and experimental liver trans-
plantation has been discussed in the Main Introduction. 
The review suggested that the incidence and severity of these 
these two complications may be associated with the type of 
biliary drainage used for the donor liver. Dent (55), 
163. 
Immelman (97,99) and Calne (32) have shown in pig liver 
transplantation, that cholangitis and cholestasis occur less 
frequently when donor bile is ultimately drained through the 
recipient's sphincter of Oddi, than when direct biliary en-
teric anastomosis is used. 
This part of the study was designed and undertaken with four 
objectives in mind. A detailed blind assessment of the in-
cidence and degree of cholangitis and cholestasis in each 
serial liver biopsy from all the groups outlined on Table 27 
page 161F would allow: 
(a) A comparison of the effects of the two types of biliary 
drainage used in groups l(a) and l(b) on the intrahepa-
tic biliary tracts of the respective donor livers. 
(b) An assessment of the effects of the two types of donor 
biliary drainage on the intrahepatic biliary tracts of 
the recipient livers of groups l(a) and l(b). 
(c) The exclusion of other factors, common to the four 
groups, as causes of cholangitis and cholestasis, by 
using groups 2(a) and 2(b) as controls. 
(d) Accurate comparison of the incidence and degree of these 
two complications in the donor livers of groups l(a) 
and l(b), with those seen in Dent and Innnelman's 
previously published work. 
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2. Criteria and methods of analysis 
Using publications by Herbertson (84), Hunt (94), Porter (143, 
144, 145), Sandritter (151) and Uys (205) as a guide, the author 
established arbitrary criteria for classifying the incidence 
and severity of cholangitis and cholestasis. 






The absence of any acute inflammatory cells 
in the lumen or wall of any bile duct or 
ductule in any of the sections from an 
individual liver on a particular day. 
The presence of relatively few acute inflamma-
tory cells in only a small number of bile duct 
lumina. 
The presence of acute inflammatory cells in 
both lumina and walls of many bile ducts and 
ductules. 
+++ Plugs of acute inflannnatory cells in the bile 
ducts and ductules, with diffuse infiltration 
of the bile duct walls and surrounding tissues, 
and cholangitic abscesses. 







The absence of bile throughout every section 
from an individual liver on a particular day. 
The presence of small amounts of intracyto-
plasmic or intracanalicular bile 
The presence of sparsely scattered bile plugs 
or casts in the bile ducts or ductules. 
The presence of diffusely scattered bile casts 
in the bile ducts and ductules, intracellu-
lar bile, and bile lakes. 
l65F. 
GRADE OF CHOLANGITIS 
0 + ++ +++ 
No. % No. % No. % No. % 
PRESENT SERIES 
Group l{a) 8 67 2 17 1 8 1 8 
Group l(b) 7 54 4 30 1 8 1 8 
DENT'S SERIES 
Group 3(a) 3 33 3 33 1 11 2 22 
Group 3{b) 6 86 1 14 0 0 0 0 
IMMELMAN'S SERIES 
Group 4(a) 7 64 4 36 0 0 0 0 
Group 4(b) 0 0 1 33 1 33 1 33 
Group 4(c) 0 0 0 0 2 50 2 50 
TABLE 28 THE INCIDENCE AND DEGREE OF CHOLANGITIS IN THE 
POSTOPERATIVE DONOR LIVERS 
GRADE OF CHOLESTASIS 
0 + ++ +++ 
No. % No. % No. % No. % 
PRESENT SERIES 
Group l{a) 11 92 1 8 0 0 0 0 
Group l{b) 12 92 0 0 1 8 0 0 
DENT'S SERIES 
Group 3(a) 4 44 0 0 1 11 4 44 






9 82 2 18 0 0 0 0 
0 0 2 66 1 33 0 0 
0 0 0 0 4 100 0 0 
THE INCIDENCE AND DEGREE OF CHOLESTASIS IN THE 
POSTOPERATIVE DONOR LIVERS 
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The analyses were carried out using a Nikon binocular micro-
scope. In every case the whole section was studied under 
high and low power. Each bile duct or ductule in each 
section was examined individually under both magnifications. 
Light was reduced to search for refractile bile. 
The degree of cholangitis and cholestasis for each section 
was established using the criteria outlined above. Where 
multiple biopsies had been taken from a liver, as in the 
autopsy material from the present series, the section with 
the most severe degree of cholangitis and cholestasis was 
noted as being representative of the biopsy period. 
3. Results from the assessment of cholangitis and cholestasis 
The incidence and degree of cholangitis and cholestasis are 
swnmarised in Tables 28, 29, 30 and 31, and detailed in the 
Appendix - Tables 4o-47 on pages 319-326. On review, Pro-
fessor C.J. Uys - see page 171 - disagreed with the grading 
of Grade I cholangitis. The author has, however, felt in 
duty bound to record his opinion at the time of the analysis. 
(a) Pre-operative specimens 
There was no evidence of cholangitis or cholestasis in 
any of the liver biopsies taken at initial operation in 
groups l(a), l(b), 2(a) and 2(b) from the present series 
nor in the 10 pre-operative specimens from groups 3(a) 
and 3(b). 
(b) Serial postoperative specimens 
(i) Groups l(a) and l(b) - Donor livers 
Tables 40 and 41 in the Appendix, pages 319-320. 
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Eight out of 12 donor livers in group l(a) 
showed no evidence of cholangitis throughout the 
period of study. Minimal cholangitis (+) was 
seen in two animals (pigs Nos. 7 and 14), moder-
ate cholangitis (++) in one animal (pig No. 9) 
and severe cholangitis with cholangitic abscesses 
(+++) in one animal (pig No. 4). Eleven of the 
livers remained free of cholestasis while minimal 
cholestasis (+) was seen in one animal (pig No. 5). 
Pigs Nos. 2 and 3 could not be analysed accurately, 
on account of gas gangrene and gross infarction 
respectively. 
In group l(b), seven out of 13 donor livers were 
free of cholangitis throughout the period of study. 
Minimal cholangitis (+) was seen in four animals 
(pigs Nos. 17, 21, 26 and 28). Moderate cholan-
gitis (++) was seen in one biopsy (pig No. 19) 
and severe cholangitis (+++) in one animal (pig 
No. 16). Twelve of the donor livers remained 
free of cholestasis, while moderate cholestasis 
(++) was detected in one animal (pig No. 26) in 
which the common bile duct was found to be obstruc-
ted. The donor liver from pig No. 18 was infarcted 
and could not be analysed accurately. 
(ii) Groups l(a) and l(b) - Recipient livers 
Tables 42 and 43 in the Appendix - pages 321-322. 
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GRADE OF CHOLANGITIS 
0 + ++ +++ 
No. % No. % No. % No. % 
RECIPIENT LIVERS 
Group l(a) 13 93 1 7 0 0 0 0 
Group l(b) 11 79 3 21 0 0 0 0 
CONTROL LIVERS 
Group 2(a) 11 79 3 21 0 0 0 0 
Group 2(b) 4 80 1 20 0 0 0 0 
TABLE 30 THE INCIDENCE AND DEGREE OF CHOLANGITIS IN 
THE POSTOPERATIVE "CONTROL" LIVERS 
GRADE OF CHOLESTASIS 
0 + ++ +++ 
. -- I,-----·-·· --- .-
No. % No. % No. % No. % 
RECIPIENT LIVERS 
Group l(a) 13 93 1 7 0 0 0 0 
Group l(b) 11 79 1 7 1 7 1 7 
CONTROL LIVERS 
Group 2(a) 14 100 0 0 0 0 0 0 
Group 2(b) 5 100 0 0 0 0 0 0 
TABLE 31 THE INCIDENCE AND DEGREE OF CHOLESTASIS IN 
THE POSTOPERATIVE "CONTROL" LIVERS 
Group l(a) - Heterotopic allograft plus cholecystocholecystostany. 
Group l(b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 2(a) - End-to-side portacaval shunt. 
Group 2(b) - Sham laparotomy. 
Thirteen out of 14 recipient livers from group 
l(a) were free of cholangitis throughout the 
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period of study. Mild cholangitis (+) was seen 
in .only one animal (pig No. 1 on day 14). Thir-
teen of the livers remained free of cholestasis 
while mild cholestasis (+) was present in one 
liver (pig No. 6 on day 14). 
In group l(b), eleven out of 14 recipient livers 
were free of cholangitis throughout the period of 
study. Mild cholangitis (+) was seen in three 
animals (pigs Nos. 15, 25 and 26), in one biopsy 
only. In pig No. 26 the cholangitis was associa-
ted with partial obstruction to the common bile 
duct. Eleven of the livers remained free of 
cholestasis. Mild cholestasis (+) was seen in 
pig No. 25. Moderate cholestasis (++) was seen 
in pig No. 18 on days 7 and 14, and at autopsy 
the donor liver and gallbladder were found to be 
infarcted. In pig No. 26, progressively more 
severe cholestasis was seen and donor cholestasis 
was present. At autopsy the recipient's 
common bile duct was found to be acutely angulated 
with presumed partial obstruction. 
(iii) Groups2(a) and 2(b) - Control Livers 
Tables 44 and 45 in the Appendix - pages 323-324. 
In group 2(a), eleven of the portacaval-shunted 
livers were free of cholangitis throughout the 
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period of study. Mild cholangitis (+) was seen 
in three animals (pigs Nos. 34, 36 and 38). 
All 14 livers remained free of cholestasis. 
In group 2(b) four out of 5 sham operated livers 
were free of cholangitis throughout the period of 
study. Mild cholangitis (+) was seen in one 
animal (pig No. 46 on day 21). 
mained free of cholestasis. 
All 5 livers re-
(iv) Groups 3(a) and 3(b) - Orthotopic allografts -
Dent's series 
Tables 28 and 29 on page 165F and Table 46 in 
the Appendix - page 325. 
Three out of 9 donor livers in group 3(a) were 
free of cholangitis. Mild cholangitis (+) was 
seen in 3 animals, moderate cholangitis (++) 
in one animal and severe cholangitis (+++) in two 
animals. Four animals exhibited no cholestasis, 
moderate cholestasis (++) was seen in one animal, 
and severe cholestasis (+++) in 4 animals. 
In group 3(b), six out of 7 livers were free of 
cholangitis, while one liver exhibited mild cholan-
gitis (+). Three animals showed no cholestasis, 
mild cholestasis (+) was seen in 2 animals, and 
moderate(++) and severe(+++) cholestasis in 
on animal each. 
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Some of Dent's needle biopsies were excluded 
from analysis, as the sections were felt to be 
too small for accurate comparison with the other 
series. Only sections big enough to include a 
portal tract and a good representative portion 
of a lobule were included in the analysis, 
(v) Groups 4(a), 4(b) and 4(c) - Heterotopic 
Allografts - Immelman's series 
Tables 28 and 29 on page 165F and Table 47 in 
the Appendix - page 326. 
Seven out of 11 donor livers from group 4(a) were 
free of cholangitis, while four exhibited mild 
cholangitis (+). Cholestasis was absent in 9 
livers, while mild cholestasis (+) was seen in 
two. 
In group 4(b), none of the three livers remained 
free of cholangitis and cholestasis, as shown in 
Tables 28 and 29 on page 165F. 
The four livers from group 4(c) revealed the most 
severe incidence and degree of cholangitis and 
cholestasis. 
The numbers in the latter two groups (4(b) and 
4(c)) are too small for accurate comparison. 
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GRADE OF CHOLANGITIS 
TYPE OF ANIMAL BILIARY 0 + ++ +++ 
DRAINAGE GROUP 
No. % No. % No. % No. % 
l(a) 8 67 2 17 1 8 1 8 
Biliary l(b) 7 54 4 30 1 8 1 8 
I 
Biliary 3(b) 6 86 1 14 0 0 0 0 
4(a) 7 64 4 36 0 0 0 0 








THE INCIDENCE OF CHOLANGITIS IN THE DONOR LIVERS 
WITH DIFFERENT METHODS OF BILIARY DRAINAGE 
GRADE OF CHOLESTASIS 
ANIMAL 
GROUP 0 + ++ +++ 
No. % No. % No. % No. % 
l(a) 11 92 1 8 0 0 0 0 
l(b) 12 92 0 0 1 8 0 0 
3(b) 3 43 2 29 1 14 1 14 
4(a) 9 82 2 18 0 0 0 0 
Biliary-Enteric 3(a) 4 44 0 0 1 11 4 44 
TABLE 33 THE INCIDENCE OF CHOLESTASIS IN THE DONOR LIVERS 
WITH DIFFERENT METHODS OF BILIARY DRAINAGE 
Group l(a) - Heterotopic allograft plus cholecystocholecystostomy. 
Group l(b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 3(a) - Orthotopic allograft plus cholecystoduodenostomy. 
Group 3(b) - Orthotopic allograft plus choledochocholedochostomy. 
Group 4(a) - Heterotopic allograft plus cholecystocholecystostomy. 
DISCUSSION IN CONTEXT 
The incidence and degree of cholangitis and cholestasis 
in the donor livers analysed, are summarised in Table 32 
and 33, on the opposite page. 
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It can be seen that the incidence and degree of cholan-
gitis and cholestasis in the donor livers from groups l(a) 
and l(b) are similar and comparable, indicating that donor 
biliary drainage by means of either cholecystocholecystos-
tomy or cholecystojejunocholecystostomy has a similar effect 
on the donor intrahepatic biliary tract. In Section II it 
was shown that the effects and rate of complications on 
the donor extrahepatic biliary apparatus were also similar 
in groups l(a) and l(b). 
The incidence and degree of cholangitis and cholestasis in 
the recipient livers from groups l(a) and l(b) were roughly 
similar to one another, and of low order, suggesting that 
the two types of biliary drainage used to drain the donor 
livers had comparable, negligible effects on the recipi-
ents' intrahepatic biliary tracts. In Section II, it was 
shown that the effects on the recipients' extrahepatic 
biliary apparatus were comparable and minimal in the two 
groups. 
Cholangitis and cholestasis were infrequent and of low 
order in the control livers from groups 2(a) and 2(b), 
indicating that an operation, the housing conditions and 
the rigorous postoperative course had little deleterious 
effect on the intrahepatic biliary tract, and that any 
changes that occurred in the donor livers would be due to 
other factors. The changes in the extrahepatic biliary 
apparatus of groups 2(a) and 2(b) were also shown to be 
negligible in Section II. 
Comparison of the results obtained in the donor livers of 
groups l(a) and l(b) with the results in groups 3(b) and 
4(a), reveal a marked similarity. This indicates that 
the intrahepatic biliary tract complication rate in the 
present series was comparable with that seen in Dent's 
group 3(b) and Iuunelman's group 4(a). Dent's group 3(a) 
showed a higher incidence of both cholangitis and chole-
stasis. This confirmed his published findings that the 
degree and incidence of cholangitis and cholestasis was 
less when using a choledochocholedochostomy, than when 
using direct biliary-enteric anastomosis by means of a 
cholecystoduodenostomy. 
Subsequent to the author completing this analysis of the 
intrahepatic biliary tract, the sections from this series 
were re-analysed by Professor C.J. Uys of the Department 
of Pathology - see page 165. He confirmed the comparable 
low incidence of cholangitis and cholestasis in the donor 
livers from groups l(a) and l(b). He disagreed with the 
grading of mild cholangitis (+) as cholangitis, stating 
that this was not true cholangitis, but simply a normal 
variant often seen in pigs' livers. Using Professor 
Uys's criteria, the incidence of cholangitis in groups 
l(a) and l(b) becomes negligible, and the two groups even 
more comparable. 
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EXAMPLES OF HISTOLOGICAL GRADING 
(Photomicrographs on following pages} 
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FIGURE 49 Histological secti:on from a normal pre-operative liver -
(pig No. 22). The section was graded as: 
FLI - N cholestasis - O 
RI - N cholangitis - O 
FIGURE 50 Histological section of a recipient liver at 23 days -
(pig No. 22). The section was graded as: 
FLI - N 
RI - N 
cholestasis - O 
cholangitis - 0 
FIGURE 51 Histological section from a donor liver at 28 days -
{pig No. 28). The liver was of good quality and this 
section was graded as: 
FLI - I cholestasis - O 
RI - II cholangitis - + 
FIGURE 52 Histological section from a donor liver at 21 days -
(pig No. 26). The section was graded as: 
FLI - II 
RI - II 
cholestasis - 0 
cholangitis - 0 
FIGURE 53 Histological section from a donor liver at 14 days -
(pig No. 12). The section was graded as: 
FLI - III cholestasis - O 
RI - IV cholangitis - O 
FIGURE 54 Histological section from a donor liver at 28 days -
{pig No. 8). The section was graded as: 
FLI - IV cholestasis - O 
RI - IV cholangitis - O 
FLI - Functional Liver Index 
RI - Rejection Index or Degree of Rejection 
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FIGURE 49 (Pig No . . 22) 
FIGURE 50 (Pig No. 22) 
FIGURE 51 (Pig No. 28) FIGURE 52 (Pig No. 26) 
FIGURE 53 (Pig No. 12) FIGURE 54 {Pig No. 8) 
(B) ASSESSMENT OF THE INCIDENCE AND DEGREE OF HEPATOCYTE DAMAGE 
(The Functional Liver Index) 
1. Introduction 
A second blind histological analysis of all the biopsy 
material outlined in Table 27, page 161F was undertaken, 
with two main objectives in view. 
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The first objective was to attempt to detect differences that 
could be attributable to the type of biliary drainage used, by 
assessment and comparison of the Functional quality of the 
donor and recipient livers· in groups l(a) and l(b), as reflect-
ed by the percentage of hepatocytes surviving after the opera-
tion. The livers from groups 2(a) and 2(b) would serve as 
controls, while the donor livers from groups 3(a), 3(b) and 
4(a) would allow accurate comparison with work previously 
performed in our laboratory. 
In the Main Introduction the problem of the early diagnosis 
of rejection was reviewed, and it was stressed that this prob-
lem was compounded in the presence of two livers in the hetero-
topic transplant situation. Irmnelman (97) had suggested, 
from a few preliminary observations, that the level of the CSF 
glutamine appeared to relate to the quality of the donor liver 
in the present auxiliary pig liver transplantation model. 
The second objective in undertaking this analysis was to assess 
the value of Inunelman's observation by attempting to correlate 
changes in the functional quality of the donor livers with 
changes that occurred in simultaneously harvested CSF glutamine 
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levels, and in the levels of other commonly used biochemical 
and haematological factors. 
The same index of functional quality, viz, the percentage of 
hepatocytes surviving, would be used in the pursuance of both 
objectives. 
2. Criteria and methods of analysis 
Haematoxylin and Eosin stained sections from all the livers 
outlined in Table 27 on page 161F were examined under low 
and high power, on a blind observer basis. Publications by 
Elias (64, 65), Sandritter (151) and Scheuer (157) were used 
in the understanding and interpretation of the biopsy material. 
An estimate was made of the percentage of normal-looking hepa-
tocytes in each section. The large, regenerative hepato-
cytes were not regarded as normal. Following the analysis, 
the average percentage of normal-looking hepatocytes was cal-
culated from all the sections taken from each liver at a 
particular time, and that average percentage regarded as 
representative of the hepatocyte status of the whole liver 
at that time. 






Hepatocytes normal in number and appearance 
75-100% normal hepatocytes present 
50-75% of normal hepatocytes present 
25-50% of normal hepatocytes present 
0-25% of normal hepatocytes present 
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FUNCTIONAL LIVER GRADE 
EXPERIMENTAL N I II III IV 
GROUPS -· 
No. % No. % No. % No. % No. % '
PRESENT SERIES 
l{a) 0 0 2 15 0 0 7 54 4 31 
l(b) 0 0 3 21 3 21 3 21 5 36 
DENT'S SERIES 
3(a) 1 11 1 11 5 56 2 22 0 0 
3(b) 0 0 4 57 2 29 1 14 0 0 
IMMELMAN'S SERIES 
4(a) 1 9 6 55 1 9 1 9 2 18 
TABLE 34 FUNCTIONAL GRADES OF THE DONOR LIVERS AT AUTOPSY 
Group l(a) - Heterotopic allograft plus cholecystocholecystostomy. 
Group l!b) - Heterotopic allograft plus cholecystojejunocholecystostany. 
Group 3 a) - Orthotopic allograft plus cholecystoduodenostomy. 
Group 3 b) - Orthotopic allograft plus choledochocholedochostomy. 
Group 4 a) - Heterotopic allograft plus cholecystocholecystostomy. 
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This grading system was named the Functional Liver Index 
(F.L.I.), as it was postulated that some biochemical derange-
ment should be detectable in the blood or CSF of the animals 
with livers having such gross differences in numbers of hepa-
tocytes. 
The photomicrographs in Figures 49 - 54, pages 173F and 173 
illustrate the differences in grades of function. 
3. Results 
The functional quality of the donor livers, as represented by 
their Functional Liver Indices, are summarised in Table 34 on 
the opposite page, and the detailed analysis of all the livers 
is tabulated in Tables 40-47, on pages 319-326. 
(a) Pre-operative specimens 
All the pre-operative sections from groups l(a), l(b), 
2(a) and 2(b) as well as the 10 pre-operative specimens 
from groups 3(a) and 3(b), had hepatocytes normal in 
number and appearance, and were graded into functional 
category N (Appendix pages 319-326). Mild fatty infil-
tration was seen in a few pre-operative sections from 
each group, but this finding was regarded as a normal 
variant for the purposes of this study. 
(b) Serial postoperative specimens 
(i) Groups l(a) and l(b) - Donor livers 
Tables 40-41 in the Appendix, pages 319-320. 
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No transplanted liver from group l(a) could be 
classed as normal at any stage during the post-
operative period. As can be seen in Table 40 
on page 319, over 80% of the livers had undergone 
severe hepatocyte destruction by the time autopsy 
was performed, and only two livers exhibited mild 
hepatocyte loss. In some animals the hepatocyte 
destruction was progressive as seen in serial 
biopsies, while in others the index of destruction 
was established by day 7. In one animal, 
pig No. 13, the quality of the liver improved as 
time progressed. No donor liver from group l(b) 
could be classed as normal at any stage during 
the postoperative period. A wide spectrum of 
hepatocyte damage was seen. Over 55% of the 
donor livers had developed severe hepatocyte 
destruction (grades III and IV) by the time autopsy 
was performed (Table 41, page 320). As a group, 
the degree of hepatocyte damage appeared less 
severe than that seen in group l(a). As in 
group l(a), the destruction of hepatocytes was 
progressive in some animals, and established by 
day 7 in others. In pigs Nos. 20 and 22 the 
liver quality improved as time progressed. 
(ii) Groups l(a) and l(b) - Recipient livers 
Tables 42 and 43 in the Appendix pages 321-322. 
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The hepatocytes in the recipient livers from both 
groups l(a) and l(b) remained normal in number and 
appearance throughout the period of study, with 
one exception. In pig No. 25 (group l(b)) mild 
centrizonal necrosis was present. This might have 
been due to terminal changes as autopsy was per-
formed several hours after death. This liver 
was placed in Functional Category I. All the others 
were adjudged N. The mild fatty infiltration 
seen in a few serial biopsies from both groups was 
disregarded as being a normal variant. The inter-
lobular septae in a few animals appeared more 
prominent than in the pre-operative specimens - a 
feature also seen in a few of the livers from the 
portacaval-shunted group. 
(iii) Groups 2(a) and 2(b) - Control livers 
Tables 44 and 45 in the Appendix pages 323-324. 
The liver cell sizes decreased significantly in 
the postoperative period in some of the portacaval-
shunted animals. The method used to compare the 
liver cell sizes is described in the Appendix, 
page 327. Despite the decrease in cell size, 
the cells remained essentially normal in appearance 
and number, and all group 2(a) livers were placed 
in Category N. Mild fatty infiltration was seen 
in a few biopsies, and prominent portal tracts 
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in others - these features were disregarded for 
the purposes of this study. 
There were no obvious changes in any of the livers 
from the sham operated group 2(b) throughout the 
period of study, and all biopsies fell into cate-
gory N. The mild fatty infiltration seen in a 
few sections was disregarded. 
(iv) Groups 3(a) and 3(b) - Orthotopic Allografts -
Dent's series 
Table 46 in the Appendix page 325. 
The functional quality of the donor livers from 
group 3(a) at autopsy was significantly better 
than that seen in either of groups l(a) and l(b) 
(Table 34, page 176F), Only 2 livers (22%) had 
severe hepatocyte damage (grade III), while the 
bulk of the livers were placed in grade II. One 
liver was completely normal at autopsy, while one 
had only the mildest hepatocyte damage. 
Most of the donor livers from group 3(b) were of 
strikingly good quality at autopsy, 57% falling 
into grade I. Only 1 liver (14%) had severe 
hepatocyte damage (grade III). The functional 
quality of these livers was slightly better than 
those of group 3(a), and the trend of liver quality 
strinkingly superior to the trend seen in groups 
l(a) and l(b). 
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Many of the serial needle biopsies from groups 3(a) 
and 3(b) were of excellent quality, but most of 
the sections were too small to make valid compari-
sons with the present series. 
(v) Group 4(a) - Auxiliary Heterotopic Allografts -
Immelman's Series 
Table 47 in the Appendix, page 326. 
The functional quality of the donor livers ranged 
over the full spectrum. Most of the livers were 
of good functional quality (55% grade I), while 
2 livers (18%) evidenced gross hepatocyte loss 
(grade IV). The quality trend was similar to that 
seen in group 3(b) (Table 34, page 176F), and stri-
kingly superior to that seen in groups l(a) and l(b). 
Groups l(a) and 4(a) reflected markedly different 
functional qualities in donor livers subjected to 
the same transplantation technique by two different 
operators working in the same laboratory, albeit 
on different groups of pigs. / 
Groups 4(b) and 4(c) will not be discussed as 
numbers are too small for valid comparison. 
DISCUSSION IN CONTEXT 
The analyses of the livers into histological grades of 
functional quality have been presented in pages 174-180. 
It has been shown that the functional quality of group 
l(b) donor livers was marginally superior to that seen 
in group l(a), The bulk of the donor livers in these 
two groups were, however, of comparably poor functional 
quality. The poor functional quality does not appear 
to relate to the type of biliary drainage used, as 
cholestasis and cholangitis were minimal and of low 
order in the two groups. The biopsies from Immel-
man's animals (group 4(a)) showed strikingly good 
quality grafts using the same technique of drainage as 
used in group l(a). Clearly some other factor or fac-
tors are implicated. 
The functional quality of the recipient livers from both 
groups l(a) and l(b) remained excellent throughout the 
series. This suggests that the biliary drainage used 
had no deleterious effects on the recipient hepatocytes, 
and in addition, that the changes seen in the donor livers 
were not due to general factors such as an operation, the 
housing conditions, or the frequent postoperative pro-
cedures. 
The uniformly excellent functional quality of the control 
livers from groups 2(a) and 2(b) reinforces the conclusion 
that factors other than general were responsible for the 
poor quality of the grafts. 
Comparison of the donor livers from this series with 
those of the two previous series has shown that the 
functional quality of the donor livers in the present 
series was strikingly inferior to that achieved in the 
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previous two series. The poor quality of the donor 
livers in the present series (groups l(a) and l(b)) may 
reflect poor operative technique, anoxic damage to the 
graft at operation, vascular complications, or these-
quel to severe rejection. Cholangitis and cholestasis 
have been excluded as contributing causes. The reasons 
for the poor quality will be discussed further at the 
end of this section. 
The serial functional liver indices of the donor livers 
in groups l(a) and l(b) will be used in Part III, pages 
236-258 in a series of correlative studies with the 
changes that occurred in the levels of CSF glutamine, 
and other biochemical and haematological factors, which 
were harvested simultaneously with the liver biopsies. 
182. 
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(C) ASSESSMENT OF THE INCIDENCE AND DEGREE OF REJECTION 
1. Introduction 
An analysis of the incidence and degree of rejection in all the 
livers from the groups outlined in Table 27 on page 161F, was 
undertaken with two objectives in view. 
The first objective was to compare the incidence and degree of 
rejection in the donor livers from groups l(a) and l(b), The 
recipient livers from groups l(a) and l(b) and the control livers 
from groups 2(a) and 2(b) would serve as controls for the present 
series. In addition, the incidence and degree of rejection in 
the present series would be compared with that seen in the two 
previous series (groups 3(a), 3(b) and 4(a)). 
The second objective was to grade the donor livers from groups 
l(a) and l(b) into rough categories of rejection, to permit 
correlation studies with simultaneously harvested levels of 
CSF glutamine, and other biochemical and haematological fac-
tors. In this manner an assessment could be made of the value 
of CSF glutamine as an index of rejection, and its value could 
be compared to the information provided from other commonly used 
biochemical and haematological factors. 
The same histological analysis would be used to serve both 
objectives. 
2. Criteria and methods of analysis 
The sections used in this analysis had all been stained with 
Haematoxylin and Eosin, Methyl Green Pyronine and for Reticulin. 
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Using publications by Ham (82), Herbertson (84), Hunt (94), 
Porter (143), Starzl (193), and Uys (205) as references, a 
crude grading system was devised by the author, for establish-
ing the degrees of rejection. 








No evidence of pyroninophilic round cell 
infiltration in any of the sections examined 
Pyroninophilic round cell infiltration minimal 
and confined to the portal tracts 
More extensive round cell infiltration extending 
into lobules and interlobular septae 
Diffuse round cell infiltration throughout the 
lobule, with widening of the portal tracts, 
severe cellular destruction, some stromal col-
lapse, and evidence of some hepatocyte and bile 
duct regeneration 
More diffuse cellular infiltration of the whole 
lobule, with destruction of most or all of the 
hepatocytes, stromal collapse, the presence of 
bizarre giant cells and evidence of bile duct 
and hepatocyte regeneration. 
In each case, a section stained in 3 ways as mentioned, was 
examined, and the section graded according to the criteria 
listed. 
Following grading, the average grade was calculated from all 
the sections taken at a particular biopsy period, and that 
average grade regarded as representative of the degree of rejec-
tion in the whole liver at that time. 
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GRADE OF REJECTION 
EXPERIMENTAL N I II III IV 
GROUPS 
No. % No. % No. % No. % No. 
PRESENT SERIES 
l{a) 0 0 1 8 2 17 5 42 4 
l{b) 0 0 0 0 5 38 3 23 5 
DENT'S SERIES 
3(a) 0 0 3 33 4 44 2 22 0 
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THE INCIDENCE AND DEGREE OF REJECTION IN THE DONOR 







Group l!a) - Heterotopic allograft plus cholecystocholecystostomy. 
Group 1 b) - Heterotopic allograft plus cholecystojejunocholecystostomy. 
Group 3 a) - Orthotopic allograft plus cholecystoduodenostomy. 
Group 3(b) - Orthotopic allograft plus choledochocholedochostomy. 
Group 4(a) - Heterotopic allograft plus cholecystocholecystostomy. 
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Examples of the grades of rejection accorded to liver sections 
can be seen in Figures 49-54 on pages 173F and 173. 
3. Results 
The results of the analysis whereby the livers were graded for 
rejection, are detailed in the Appendix, Tables 40-47 on 
pages 319-326. 
(a) Pre-operative specimens 
No changes suggestive of rejection were seen in any of 
the pre-operative specimens from groups l(a), l(b), 2(a) 
and 2(b), or in the 10 pre-operative specimens from groups 
3(a) and 3(b). In a few animals from each group, isolated 
areas of mild periportal cellular infiltration were seen, 
consisting mainly of eosinophils. This type of infiltra-
tion was considered a normal variant for the animals used 
in this study. 
(b) Serial postoperative specimens 
This analysis proved to be more difficult than the analy-
sis used to grade the Functional Liver Index. Differen-
tiation between grades II and III was particularly difficult. 
(i) Groups l(a) and l(b) - Donor livers 
Tables 40 and 41 in the Appendix, pages 319-320. 
Rejection was seen in all the livers from group l(a) 
throughout the period of study. At autopsy 75% 
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of the donor livers exhibited severe rejection 
(grades III and IV), while only 1 liver exhibited 
mild rejection (pig No. 13). From the serial 
biopsies (Appendix-page 319), it can be seen that 
the rejection process was static in some animals, 
progressive in some, and that the intensity de-
creased in 2 animals (Nos. 12 and 13). No donor 
liver from group l(b) remained free of rejection 
in the postoperative period. By the time autopsy 
was performed 61% of the livers had severe rejec-
tion (grades III and IV), while 38% had moderate 
rejection (grade II). As in group l(a), the 
rejection process appeared static in some animals, 
progressive in some, and of diminishing intensity 
in others. 
The rejection changes seen in group l(b) appeared 
marginally less severe than those seen in group l(a) 
but the general trend in the two groups was the same 
and comparable. 
(ii) Groups l(a) and l(b) - Recipient livers 
Tables 42 and 43 in the Appendix, pages 321-322. 
No changes suggestive of rejection were seen in any 
of the recipient liver sections throughout the period 
of study. A mild cellular infiltration was seen 
in the portal tracts of several animals, but the 
cells consisted of eosinophils, neutrophils and 
non-pyroninophilic round cells. This infiltrate 
was fairly similar to that seen in some pre-
operative specimens, and in some of the postopera-
tive sections from groups 2(a) and 2(b). All the 
recipient livers were graded as N rejection. 
(iii) Groups 2(a) and 2(b) - Control livers 
Tables 44 and 45 in the Appendix, pages 323-324. 
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No changes suggestive of rejection were seen in any 
of the livers from these two groups at any stage 
during the postoperative period. The mild peri-
portal cellular infiltration seen in a few livers 
from each group was similar to that seen in some 
of the recipient livers, and in a few of the pre-
operative specimens. 
(iv) Groups 3(a) and 3(b) - Orthotopic Allografts -
Dent's Series 
Appendix-page 325, and Table 35, page 185F, 
In contrast to groups l(a) and l(b), 77% of the 
livers from group 3(a) exhibited only mild to 
moderate rejection (grades I and II). Gross re-
jection (grade IV) was not seen in any of the livers 
from this group. By the time of autopsy, no liver 
could be graded as N, but several serial biopsies 
were indistinguishable from normal. 
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Rejection changes in group 3(b) were minimal, 71% 
falling into grade I. The degree of rejection 
was less than that seen in group 3(a). 
Overall, far less severe rejection was seen in 
Dent's two groups, than in group l(a) and l(b), 
and none of the livers from his series showed 
gross rejection (grade IV). 
(v) Group 4(a) - Auxiliary heterotopic allografts -
Immelman's Series 
Appendix page 326, and Table 35, page 185F. 
This group of livers exhibited the full spectrum 
of changes from grades N to IV. The pattern of 
rejection was far less severe than that seen in 
groups l(a) and l(b), and roughly similar to 
that seen in Dent's group 3(b). 
DISCUSSION IN CONTEXT 
Using the criteria defined on page 184 a comparable 
and distressingly high incidence of severe and gross 
rejection has been demonstrated in the donor livers 
from groups l(a) and l(b). The type of biliary 
drainage did not appear to influence the incidence and 
degree of rejection in these two groups. 
By virtue of the same criteria the donor livers from 
Dent's groups 3(a) and 3(b), and Irmnelman's group 4(a), 
revealed a high incidence of low grade rejection, which 
confirmed their own published findings. 
Rejection changes were not seen in the recipient livers 
from groups l(a) and l(b), nor in the control livers from 
groups 2(a) and 2(b), suggesting that general factors com-
mon to the four groups did not cause the changes seen. 
Comparison of groupsl(a) and 4(a), in which the transplant 
and biliary drainage techniques were identical, has. 
shown that group 4(a) donor livers revealed far less severe 
rejection, again suggesting that the type of biliary drain-
age played no part in the changes seen. 
A full discussion on the reasons for the high incidence of 
severe rejection in the present series is beyond the aims 
and scope of this work, but the phenomenon will be dis-
cussed briefly at the end of this Chapter. 
The grades of rejection established for each serial donor 
biopsy from groups l(a) and l(b) will be used in Part III 
pages 236-258, for correlation studies with simultaneous-
ly obtained CSF, biochemical and haematological specimens. 
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(D) ANALYSIS BY A SECOND OBSERVER 
Professor C.J. Uys of the Department of Pathology, University of 
Cape Town, subsequently analysed almost all the donor liver sec-
tions from groups l(a) and l(b) as well as representative numbers 
of the pre- and postoperative sections from the recipient livers 
from groups l(a) and l(b), the portacaval shunted (group 2(a)) 
and the sham laparotomy (group 2(b)) livers. 
He confirmed the strikingly low incidence and degree of both 
cholangitis and cholestasis in the donor livers from groups l(a) 
and l(b). He felt that the criteria used for mild cholangitis 
(+) were too strict, and that the livers graded(+) cholangitis 
by the author did not reflect cholangitis but simply a normal 
variant often seen in pig liver sections. 
Professor Uys connnented on the extraordinary incidence and degree 
of rejection in the donor livers from groups l(a) and l(b), and 
stated that the pattern of rejection was more severe than in any 
of the pig liver transplant series previously analysed by him in 
Cape Town. He noted that the degree of rejection in group l(a) 
was more severe than in group l(b). 
With few exceptions, he confirmed the grading accorded to indivi-
dual sections by the author, in each of the three analyses per-
formed. 
On direct questioning, he stated that the changes seen in the 
donor livers were due to severe rejection, in many cases seen as 
early as 7 days, and not due to primary vascular problems, in-
fection or bile stasis. 
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HISTOLOGICAL ANALYSIS OF THE BLOOD VESSELS 
The blood vessels were analysed independently by Professor C.J. Uys 
and Dr. J. van den Ende of the Department of Pathology. 
view~d all the sections with the two pathologists. 
1. Arteries 
The author 
Sections from 20 transplanted aortic segments were analysed. All 
the transplanted aortas showed evidence of rejection. Where 
severe rejection was seen, e.g. pig No. 14, changes were seen 
through the full thickness of the walls. There was subintimal fi-
brosis, degeneration of the internal elastic lamina, degeneration 
of the media, and infiltration with inununocytes. In some pigs, 
e.g. pig No. 21, mild changes were seen. Marked calcification 
was seen in the transplanted aorta in pig No. 24. The contrast 
between the donor and recipient vessels was clearly seen on either 
side of the anastomoses. 
from normal. 
The recipient aortas showed no changes 
No arterial changes were observed in the portacaval and sham groups 
of animals. 
2. Veins 
Marked rejection changes were seen in a few portal veins and vena 
caval cuffs examined from donor livers. Similar changes were not 
seen in the recipient vessels, nor in the veins from the control 
groups 2(a) and 2(b). 
Professor Uys conunented on the severity of the rejection changes 
seen in the vessels, and felt that they were roughly in keeping 
with the severity of the rejection seen in the livers. 
DISCUSSION ON THE FINDINGS IN THE LIVERS AND BLOOD VESSELS 
1. The incidence and degree of cholangitis and cholestasis 
Cholangitis and cholestasis did not feature prominently 
in the donor livers of the present series. The allo-
grafted livers from groups l(a) and l(b) showed a com-
parable, low incidence and degree of these complications, 
suggesting that neither of the two techniques of biliary 
drainage used predispose to the development of cholan-
gitis and cholestasis. 
The incidence and degree of cholangitis and cholestasis 
in the present series was significantly less than that 
seen with direct biliary-enteric anastomosis in Dent's 
group 3(a), and with direct biliary-enteric anastomosis 
or external biliary drainage in Immelman's groups 3(b) 
and 4(c), and compared favourably with the results from 
biliary-biliary anastomoses in these series (groups 3(b) 
and 4(a)). 
The low incidence of cholangitis and cholestasis in the 
recipient livers from the present series, suggests that 
the biliary drainage techniques used were not deleter-
ious to the host's own liver - an important observation 
which is relevant to the concept of using an auxiliary 
liver as a temporary liver assist. 
2. Functional Liver Index 
Hepatocellular loss was not observed in the recipient 
livers of the allografted animals, nor in the livers of 
the control animals from groups 2(a) and 2(b). By con-
trast, a wide range of hepatocellular loss was seen in 
the donor livers. The loss of liver cells in the trans-
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planted livers could therefore not be due to an operation, 
the diet, drugs used, or a rigorous postoperative regime. 
Possible causes for the destruction of the hepatocytes 
in the donor livers were: 
(a) Rejection 
(b) Inadequate blood supply or drainage 
(c) Anoxic damage at initial operation 
(d) Infection 
(e) Bile stasis 
The macro- and microscopic analyses of the livers, blood 
vessels and biliary tracts suggest that rejection was the 
main cause of damage to the donor livers. 
3. Incidence and degree of Rejection 
Histological features of rejection were seen neither in the 
recipient livers from the allografted animals, nor in 
the livers from the control animals - groups 2(a) and 
2(b). This suggests that the histological changes seen 
in the allografted livers were due to factors other than 
an operation, diet, drugs and a strenuous postoperative 
regime. The histological changes seen in the donor livers 
from the present series parallel many of the changes repor-
ted in severe acute rejection in dogs (145, 188, 201), and 
in a few reports on severe rejection in pig livers (22, 72, 
94, 131, 145). The surprisingly high incidence of rejec-
tion, the highest degree yet seen in Cape Town, is intrigu-
ing. 
Possible reasons are: 
(a) The pigs were grossly mismatched genetically 
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(b) Some other factors may have enhanced the rejection 
process. 
Sepsis and cholestasis appear not to be responsible fac-
tors. Poor graft preservation may be responsible (98), 
but the ischaemic times compare favourably with those of 
Dent (53). Dent's average portal ischaemic period was 
45,5 minutes, while in this series it was 47 minutes. 
The period for full revascularisation in Dent's series 
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was 60 minutes, and in this series 64 minutes. No hepa-
tic core temperatures were obtained in this series but 
the technique used was similar to that used by Dent and 
Innnelman, in that the graft was perfused in the same 
manner and then wrapped in swabs soaked in cold perfusate, 
and thus insulated. Flow, pressure and angiographic 
studies were not performed in this series and no opinion 
can be passed about the influence of haemodynamic factors 
in the present series. 
Professor Uys felt that the primary cause of the damage to 
the donor livers was an immunological assault, seen even 
at 7 days in the severely rejecting livers. The evidence 
of rejection extended to the aortic cuffs, hepatic arter-
ies and gallbladders. 
Intrahepatic cholestasis has been reported as a feature of 
rejection in both the baboon and man (136). In the 
present series (groups l(a) and l(b)) severe rejection was 
often encountered, with little or no intrahepatic cholesta-
sis being detected. In a few of Dent's (group 3(a) and 
3(b)), and Immelman's (group 4(a)) animals, donor livers 
with severe rejection also exhibited minimal or no intrahe-
patic cholestasis. This suggests that cholestasis may not 
be an inevitable feature of rejection in the pig, and that 
other factors contribute to the phenomenon of intrahepatic 
cholestasis when it occurs in this animal. 
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PART II 
C H A P T E R 3 
SECTION IV - THE EFFECTS OF THE PROCEDURES 
ON BIOQIEMICAL AND HAEMATOLOGICAL FACTORS 
SUMMARY 
The pattern of biochemical and haematological changes that occurred 
in the four experimental groups during the period of study are pre-
sented, analysed and compared. 
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The analysis revealed that the changes which occurred in the two 
transplant groups were essentially similar and comparable, and apart 
from the CSF glutamine, venous blood aII1110nia, haemoglobin and choles-
terol, similar to the changes seen in the control groups 2(a) and 2(b). 
l97F. 
BIOCHEMISTRY No. MEAN ± 1 S.D. 
RANGE 
CSF Glutamine 64 9,96 ± 3,23 
4 - 26 
Blood ammonia-venous 62 219,61 ± 63,48 
126 - 410 
-arterial 33 177, 54 ± 65,89 78 - 415 
Alkaline phosphatase 74 7,32 ± 2,90 2
,8 - 18,5 
Serum glutamic oxalo-
acetic transaminase 75 41,40 ± 24,33 15
 - 145 
Cholesterol 38 97,84 ± 24,10 
49 - 167 
Total protein 55 6,27 ± 0,73 4,7
 - 8,4 
Albumin 54 1,84 ± 0,32 1
,20 - 2,5 
Globulin 55 4,43 ± 0,63 3
,3 - 6,4 
pH 51 7,31 ± 0,12 7,
00 - 7,53 
pC02 
51 43,89 ± 18,02 17 - 110 
Standard Bicarbonate 51 20,69 ± 5,67 12
,10 - 43,00 
HAEMATOLOGY 
Haemog 1 obi n 49 11,1 ± 1,2 
8,2 - 13,9 
Leucocyte count 51 17550 ± 5302 72
00 - 34400 
Platelet count 52 430576 ± 157343 500
00 - 825000 
Neutrophil % 52 45 ± 13 
7 - 83 
Lymphocyte% 52 40 ± 13 
14 - 78 
Eosinophil % 52 2 ± 2 
0 - 12 
Basophil % 52 0 ± 1 
0 - 5 
Monocyte % 52 9 ± 5 
1 - 26 
TABLE 36 MEAN PRE-OPERATIVE VALUES* 
* Derived from all the animals used in the series.
 
I:NTRODUCTION 
Serial biochemical and haematological investigations were undertaken 
in the four groups of animals with three objectives in mind. 
The first objective was to analyse and compare the changes that oc-
curred in the two transplant groups l(a) and l(b) in order to detect 
any differences that could be attributable to the type of biliary 
drainage used. Groups 2(a) and 2(b) would be used as controls. 
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The second objective was to assess the value of CSF glutamine as an 
index of donor liver status, and to compare its value with information 
provided by other biochemical and haematological factors, as discussed 
in the Main Introduction. 
The third objective was to complement the in-depth study of the animals 
in the four groups. 
The biochemical and haematological factors investigated in this study 
are tabulated on the opposite page, together with the mean pre-
operative values for the animals used in this series. The normal pre-
operative values in the present series are comparable to those reported 
by Hickman (92)o The techniques and frequency of sampling have been 
discussed in Part II, Chapter 2. The methods used to perform the 
estimations are presented in the Appendix, pages 335-338. The re-
sults for individual animals are detailed in the case histories on 
pages 269-315, in the Appendix. The statistical methods used to 
compare the results in the different groups, are detailed in the 
Appendix, pages 340-342. P values of 0,05 or less are regarded as 
"significant" throughout the text, while those greater than 0,05 are 
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TABLE 37 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWE~N GROUPS l{a) and l(b). 
NB: This comparison was performed using all the 
available data from all the animals in each 
group, i.e. 1-1 animals in each of groups 
l(a) and l(b). 
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METHODS USED TO COMPARE THE GROUPS 
1. Co_!!!Qarison of groups l(a) and l(b) 
A simple statistical analysis was performed, utilising all the 
biochemical and haematological data available in the 14 animals 
from each group. The mean and standard deviation was calculated 
for each group on days O, 7, 14, 21, and 28, for each of the fac-
tors tabulated in Table 36, page 197F. 
The serial mean levels of the factors were compared at weekly inter-
vals by means of a Student's t-test, to detect any significant 
differences between groups l(a) and l(b). The significance of 
these serial differences are tabulated in Table 37 on the opposite 
page. 
It was shown that there were no significant differences in the 
serial postoperative levels for CSF glutamine, alkaline phosphatase, 
albumin, leucocyte count, platelets, neutrophils, lymphocytes, 
basophils, and acid-base status. For S,G,O.T., cholesterol and 
eosinophils, the mean levels varied on only one test period, and 
for practical purposes the mean postoperative changes can be re-
garded as similar. More sustained differences were seen in the 
mean levels of venous blood ammonia, total protein, globulin, 
haemoglobin and monocytes. 
2. Comparison of the four groups, l(a), l(b), 2(a) and 2(b) 
Serial glutamine levels were not available in five animals from 
group l(a) and in 1 animal from group l(b)" Failed lumbar punc-
tures in some of the earlier animals, together with technical 
problems associated with the laboratory estimation of CSF glutamine 
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in the early stages of the project were responsible for the non-
availability. Bearing in tnind the importance of CSF glutamine 
in the project, the six animals in whom serial glutamine levels 
are not available, will be excluded from further analysis in the 
presentation. 
The biochemical and haematological changes that occurred in the 
9 animals from group l(a), 13 from group l(b), 14 from group 
2(a) and 5 from group 2(b), were compared by means of a second 
simple statistical analysis. The mean, standard deviation and 
standard error of the mean for each factor in each group, was 
calculated on days o, 7, 14, 21 and 28. In view of the close 
similarity of the two transplant groups l(a) and l(b), the same 
calculations were performed for all the transplant recipients in 
whom serial CSF glutamine was available - named the combined trans-
plant group - l(a+b) - 22 animals. The serial mean values for the 
four main groups, and l sub-group are tabulated in the Appendix -
Tables 54-58, on pages 344-348. 
Student's t-tests were used to calculate the significance of dif-
ferences between the mean levels for each factor in the five groups. 
The significances of differences on days o, 7, 14, 21 and 28 are 
tabulated in the Appendix - Tables 64-71 on pages 354-361. 
Student's t-tests were used to calculate the significance of serial 
changes in mean levels in the five groups. The significances of 




1. Comparison of groups l(a) and l(b) using all the available data 
The serial mean values for the biochemical and haematological 
factors in groups l(a) and l(b) in the first analysis, in which all 
the available data was used, were not significantly different from 
the mean values derived in the second analysis, from the 9 animals 
in group l(a) and the 13 in group l(b). The significances of di£-
ferences between the two were essentially the same, as can be seen 
by comparing Table 37 on page 198F (14 animals in each groµp), with 
Table 64 on page 354 (9 and 13 animals in each group respectively). 
All further discussion of groups l(a) and l(b) will be limited to 
the 9 animals from group l(a) and 13 from group l(b). 
2. Comparative analysis of the changes seen in the individual factors 
The comparative analyses of serial changes in the values of the 
individual biochemical and haematological factors, in each of the 
experimental groups, are presented on pages 201-225. 
same manner of presentation is used for each factor. 
Roughly the 
The serial 
mean values for each group of animals are illustrated and tabu-
lated in Graphs II a" and Tables "b" on the left hand pages. The 
significances of changes in mean levels for each group are tabu-
lated in Tables II c", while the significances of differences in 
serial mean values between groups are tabulated in the "d" Tables. 
The results of the statistical analyses are interpreted and brie~ly 
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la 10,60 ! 1,49 18,06 ! 7 ,52 9 . 25,63 ! 10,57 6 25,40 ! 10,83 6 21,83 ! 7 ,36 6 
lb ll,26 ! 2 ,91 22,57 ! 9,27 13 23,2: ! 8,00 · ll 20,21 ! 7,04 8 25 ,26 ! 12 ,93 
16,44 I 
I 
2a 10,65 ! 3,73 40,52 .'!: 18.~7 13 52,95 ! 12 66,73 ! 18,48 9 
I 
66 ,06 + 20.12 8 
2b 9,88 ! 1,44 10,26 ! 1,73 5 7,78 ! 0,93 5 9,42 ! 2, ll 9,80 ! 1,19 4 
la+lb ll,00 ! 2,47 20, 73 ! 8,88 22 24,08 ! 9,07 17 22 ,43 ! 9,23 . 14 I 23,39 + 10,42 ll 
Hean + l SO No '"' Number of samples processed 
~55b MEAN LEVELS FOR THE FOUR GROUPS ANO ONE SUBGROUP 
Time Interval (Days) 
Group 
I 0-7 0-14 0-21 0-28 
la <0,C25 <0,01 <0,01 <0,01 
lb ,0,001 <0,001 ,0,005 <0,02 
2• ,0,001 <0,001 <0,001 <0,001 
2b - <0,05 - -
1 a+lb ,0,001 ,0,001 <0,001 <0,001 
!~~ SSC SWIIFICA.~CE OF CHANGES IN 
MEA.~ LEVELS 
p< ,. significance 
= no significant difference 
0 = no or insufficient data 
Date of Coo,parison (Days) 
Groups 
0-0 7-7 14-14 21-21 28-28 
la-lb - - - - -
1 a-2a - <0 ,005 <0,005 <0,001 <0,001 
lb-2a - <0,01 <0,001 1<0,001 <0,05 
1 a-2b - ··0,05 <0,01 1<0,02 I ,o.~2 
lb-2b - <0,02 ,0,005 i<o,01 
2o-2b - I ,a .oo5 ··0,001 i<o,001 
I 
I 
la+b-2a - I 0,001 
I ,0.001 
,Q,0Ql :<0,0Ql I ,Q,0Ql 
1 a+b-2b -
I 
·0,02 ,0.001 .<0,01 
TABLE ssd SlGNIFICANCC OF DIFFERENCES 
IN MEA.~ LEVELS 
l ,o,05 
FIGURE 55 CSF GLUTAMINE - SERIAL CHANGES IN MEAN LEVELS 
; 
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(1) CEREBROSPINAL FWID GLUTAMI.NE 
The serial mean CSF glutamine values for the groups are illus-
trated and tabulated in Figure 55 on the opposite page. The 
significances of changes and differences in mean levels are 
summarised in Tables 55c and 55d respectively. 
(a) Groups l(a) and l(b) 
There were no significant differences between the mean 
CSF glutamine levels of groups l(a) and l(b) at any 
stage during the postoperative period, as shown in 
Table 55d on the opposite page. 
A significant elevation in mean CSF glutamine levels 
was seen on day 7 in both group l(a), (p < 0,025) and 
group l(b) (p < 0,001) see Table 55c. 
The elevations in mean levels were sustained throughout 
the period of study, and did not alter significantly over 
the ensuing 21 days. As can be seen in the case histo-
ries (pages 269-296) individual animals exhibited a varied 
response, ranging from near normal levels, to levels 
approaching the levels seen in the portacaval shunted 
animals from group 2(a). 
(b) Group 2(a) 
A highly significant increase was seen in the mean CSF 
glutandne level on day 7 (p < 0,001). The increase was 
progressive from day 7 to day 21 as seen in Table 55b. 
Individually the animals all exhibited a marked increase 
202. 
in CSF glutamine levels. Throughout the postoperative 
period, the mean CSF glutamine levels for group 2(a) 
were significantly higher than the levels in groups l(a), 
l(b), 2(b) and the levels seen in the combined trans-
plant group l(a+b), as shown on Tables 55b and 55d. 
(c) Group 2(b) 
The mean CSF glutamine levels for group 2(b) remained 
essentially within the normal pre-operative range through-
out the period of study. As can be seen in the case 
histories, pages 311-315 none of the animals revealed 
elevation of CSF glutamine postoperatively, while a few 
revealed a slight decrease compared to the pre-operative 
normal. The mean levels were significantly lower than 
groups l(a), l(b) and 2(a), throughout the postoperative 
period - see Figure 55 on page 201F. 
Interpretation 
Three distinct patterns emerged from the postoperative CSF 
glutamine levels. The group 2(a) animals (subjected to 
portacaval shunts) all revealed a dramatic elevation, the 
mean levels being 5 to 6 times normal, while the group 2(b) 
animals (subjected to sham laparotomy) remained essentially 
normal. The two transplant groups l(a) and l(b) had 
similar mean levels, elevated significantly above group 2(b) 
and normal, and significantly lower than group 2(a). The 
range in the CSF glutamine levels of individual transplant 

































Group 1(-') - HeterotopK. allograft + cholecystoch.olecysto5to,ny. 
Group l(b) - " ,, + chol.ecystqJejun.ocholec.fjStostomy. 
Group 2(a)- Enct..-to-~ide port-1caVdL shunt:. 
Group Z.(b)- Sham taparatorny. 




Group d rl OP ; - 14 r;;;;- 21 - 28 No I No i No 
la 
I 
286,85.: 193,SO ! 29,971 8 67 .67 7 '291,83_: 76,02 
lb 203,16 .! 44,48 11 212,72:. 89,09 11 240,10:.66,40 
2a 227 ,22 ! 81,49 9 291,81:. 39,85 11 312 ,70 ! 59,53 
2b 197.50 ! 29,81 4 227.2S! 19,53 4 168,00 ! 33,13 
la+lb 199,30 ! 39,61 20 241,55:. 89,09 18 259.12:, 74,63 
Mean ! 1 SO No • Number of samples processed 
~ 56b HEAN LEVELS FOR THE FOUR GROUPS ANO ONE SUBGROUP 
Time Interval (D•ys) 
Group l 0-11 I 0-28 0-7 0-H 
la <0,01 ,0.02 ! <0,005 i <0,001 
lb - - : - -
11 <O,OS <0,01 I <Q,001 <0,005 
2b - - I - -I 
h+lb - <0,01 i <0,02 I <0,02 
' i 
~ 56c SIGNIFIC~~CE OF CHANGES IN 
HEAN LEVELS 
p< • s i gntft cance 
• no sign1ftcarit difference 
0 • no or 1nsuffi cient dHa 
i 6 344,66 ! 95,88 6 294,SO ! 48,32 6 
10 \ 202,50 ! ~1.62 6 201.eo ! 49 ,30 5 
10 I 390,10 ! 48.SO 10 429,11 :.145,46 8 
51220. 75 + 92 ,59 4 249 ,00 ! 16,09 4 
16 273,58 :.104,79 12 252 ,36 ! 67 ,15 II 
Date of Comparison (Days) 
Groupi 
0-0 7-7 14-14 ll-21 28-28 
la-lb <0,01 ,0,02 
la-2a 
lb-2a <0.02 <0.02 <0,001 <0.01 
la-2b <0.01 
lb·2b <0.05 
2a•2b .-0.01 <0,001 <0,001 <0,05 
la+b-2a <0,005 <0,01 
la+b-2b <0,02 
TABLE 56d S1GN1F1CA~CE OF 01FFER£NCES 
IN MEAN LEVELS 
FIGURE 56 VENOUS AMMONIA - SERIAL CHANGES IN MEAN LEVELS 
203. 
animals with lower CSF glutamine levels had donor livers of 
good quality, while those with grossly elevated CSF glutamine 
levels had poor quality donor livers. This phenomenon will 
be analysed and discussed in a separate study in Part III on 
pages 236-265. 
(2) VENOUS BLOOD A!liONIA 
The author found it extremely difficult to obtain arterial 
blood samples by means of percutaneous carotid or femoral 
arterial puncture in the postoperative period, and for this 
reason insufficient arterial blood amnonia estimations were 
performed, and no statistical analysis could be carried out. 
On the other hand, percutaneous venepuncture at the base of 
the neck was invariably successful, enabling one to make 
a detailed serial study on venous blood ammonia. 
The mean venous blood ammonia levels for the four groups are 
illustrated and tabulated in Figure 56 on the opposite page. 
The significances of changes and differences in mean venous 
blood ammonia levels are summarised in Tables 56c and 56d 
respectively. 
(a) Groups l(a) and l(b) 
The mean venous ammonia levels of groups l(a) and l(b) 
did not differ significantly on days 7 and 14, as shown 
in Table 56d. The mean levels in group l(a) revealed 
a significant, sustained elevation above normal through-
out the postoperative period, as shown in Table 56c. 
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The mean levels in group l(b) remained within the normal 
range. The serial mean levels in group l(a) did not 
differ significantly from the serial mean levels in 
groups 2(a) and 2(b), except on day 14, as shown in 
Table 56d. The serial mean levels in group l(b) were 
significantly lower than those seen in group 2(a), but 
essentially the same as those seen in group 2(b). 
The combined transplant group (l(a+b)), revealed a sus-
tained, significant elevation above normal from day 14 
onwards. This elevation was significantly less than 
that seen in group 2(a) on days 21 and 28, and signifi-
cantly higher than the mean level in group 2(b) on day 14. 
(b) Group 2(a) 
There was a significant, progressive increase in mean 
venous ammonia levels throughout the postoperative 
period. The serial mean levels were significantly 
higher than those seen in groups l(b) and 2(b), as 
shown in Table 56d. 
(c) Group 2(b) 
There were no significant elevations in mean levels 
throughout the period of study. 
Interpretation 
The patterns of mean venous ammonia levels in groups 2(a) and 
2(b) were significantly different throughout the postoperative 






Group l(a) - Heterot.opic alloqraft + cfzolllCI.JSt?~holecystostorny. 
28 
Group l(b) - w ,, + cholec':fstQJt:JUl'l.Och.olecystostom':I-
Group 2(a)- Eru:t..-to-s~de portacaval shun.t 
Group ~(b) · Sham le.parotorny-
GRAPH 57a SERIAL CHANGES IN HEAN ALKALINE PHOSPHATASE LEVELS FOR THE GROUPS. (Mean ! I SEH) 
Day 
Group 
OP - 7 - 14 
No No 
la 5,32 ! 1,18 9 6,62 ! 1,70 9 . 7.43 ! 1,42 
lb 6,70 ! 2,70 12 8,S9 ! 4,53 13 7 ,00 ! 3,54 
2a 9,60 ! 3,79 14 S,27 ! 1,64 14 6,80 !. 2.94 
2b 5,18 ! 1,93 5 4,16 ,:!: 0,98 5 6,82 ! 1,64 
la•lb 6,11 ! 2,29 21 7,78 ! 3,77 22 7 ,IS !. 2,98 
Mean! 1 SO No • Number of samples processed 




0-7 0-14 0-21 0-28 
la - \ <0,01 - -
lb - - - -
2. <0.001 <~,05 - <0,05 
2b - - - -
la+lb - - - -
TASLE 57c S!GNIFICAIICE OF CHANGES IN 
J,£AN LEVELS 
p< • sign1 ficance 
• no s1gn1f1cant diff!renc~ 
• no or insuff1 cient data 
- 21 - 28 
No No 
6 4,70 !2,6S 6 3,9S !2,68 
11 7 ,33 !4,04 8 7,10 !3,S9 
12 7 ,56 !3,04 9 6,08 !2,83 
5 6,52 ! 1,97 5 6,37 !2,22 
17 6,20 !3,75 14 5,38 !3,50 
Date of Co,wporisoo (Days) 
Groups 
0-0 7-7 14-14 21-21 
la-lb - - - -
la-2• <0,005 - - -
lb-2a <0,05 <0,02S - -
1a-2b - <0,02 - -
1b-2b - ,a.as - -
2a-2b <0,025 - - -
h+b-2a <O .oos \ <O .as - -
1a+b-2b - 1<0,05 - -
TABLE S7d SIGNIFICANCE OF DIFFER,NCES 

















FIGURE 57 ALKALINE PHOSPHATASE - SERIAL CHANGES IN MEAN LEVELS 
glutamine levels. Group l(a) animals revealed signifi-
cantly higher mean venous ammonia levels on days 21 and 28, 
compared to group l(b) animals. As was shown in the histo-
logical analysis of the livers, the quality of the group l(a) 
livers was inferior to that seen in group l(b). The combined 
group l(a+b) followed a pattern of mean venous ammonia levels 
significantly lower than group 2(a) and significantly higher 
than group 2(b), again roughly parallel to the pattern seen 
in the CSF glutamine levels. 
The relationship of CSF glutamine to blood ammonia will be 
discussed further in Part III of this presentation. 
( 3) SERUM ALKALINE PHOSPHATASE 
The serial mean alkaline phosphatase levels for the groups 
are illustrated and tabulated in Figure 57 on the opposite 
page. The significances of changes and differences in mean 
levels are summarised in Tables 57c and 57d respectively. 
(a) Groups l(a) and l(b) 
There were no significant differences between mean levels 
in groups l(a) and l(b) during the postoperative period, 
as shown in Table 57d. Group l(a) revealed a signifi-
cant elevation on day 14, (Table 57c), while group l(b) 
revealed no significant serial changes (Table 57c). 
The combined transplant group (l(a+b)) likewise revealed 




(b) Group 2(a) 
The mean pre-operative level of the group 2(a) animals 
was significantly higher than the laboratory normal and 
the mean pre-operative level of the other three experi-
mental groups, as shown in Table 57d. The mean levels 
decreased significantly by day 7, and remained signifi-
cantly lower than the pre-operative level, except on 
day 14. The mean level was significantly lower than 
group l(b) on day 7 (p < 0,025), but thereafter the 
differences were not significant. 
(c) Group 2(b) 
There were no significant serial changes in this group -
Tables 57b and 57c. On day 7, the mean level was sig-
nificantly lower than that seen in groups l(a) and l(b), 
but thereafter the differences were insignificant. 
Interpretation 
There was no distinct, sustained pattern of changes in the 
postoperative period, and the mean alkaline phosphatase levels 
of the four main groups and l sub-group were comparable on 
days 14, 21 and 28, as shown in Table 57d on page 205F. 
The decrease in mean levels in groups 2(a) and 2(b) on day 7 
may have been due to a decrease in bone alkaline phosphatase, 
as these animals were younger and smaller than most of the 
transplant recipients. The pattern of changes in liver 
alkaline phosphatase could not be determined, as the methods 
for iso-enzyme analysis had not been established in our labo-
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GROUPl(a) - Hete.rotopi.c allograft + ch.olec':J!itoctzolecystostorn.':j-
28 
GRouP l(b) · " " + cho/.ecystQJeyunocholecystostomy. 
Gf/.OUP -:(a)- E.nd.- to-si.de portacavsl shun.t. 
CROUP t!.(b) • Sham. • laparotorn'J . 
GRAPH 56a SERIAL CHANGES IN MEAN SGOT LEVELS FOR THE GROUPS. (Mean :_ I SEM) 
Day 
Group 
OP ~ 7 _r;; 14 r,;;- 21 ~ 28 ~ No No No -
la 45,00 :_ 12,47 9 69,44 ! 16,2319 72,83:_ 44,81 I 6 SB.33 .!. 2?.29 6 35,00 !:. 7,63 
lb 35,76 :_ 13,98 13 101,92 :. 156,46 113 107,72:_ 95,59 
2a 34,23 .:!: 17 ,19 13 35,00 :. 21,79 14 37 ,91 :_ 34,18 
2b 30,00 :_ 8,36 5 39,00 :. 8,60 5 33,00 :_ 6,78 
la+lb 39,54 :_ 14,13 22 88,63 ! 121,77 22 95 ,41 :_ 83,06 
Mean ! 1 SD No • Number of samples processed 
TABLE 58b MEAN LEVELS FOR THE FOl:R GROUPS ANO ONE SUBGROUP 
Til':'e Interval (Days) 
Group 
0·7 0-14 0-21 0-28 
la <0/)05 
lb <0,02 ,0,025 ,0,001 .·Q,001 
2a ,..o,:is 
2b ,o,o5 
lat lb ,0,001 <0,01 ,0,001 
~ 58c SWllFICANCE o< CHA,GES IN 
MEAN LE'iELS 
p< • sigriif1cance 
• no significan! difference 
O .. no or insufficient d:1ta 
l! 128,12 :_ 90,27 8 101,00 :_46,94 
12 56,50 :_ 32,25 10 35,62 :_17,21 
5 58,00 ! 34,43 5 47 ,so :. 5,59 
17 98,21 .! 77,86 14 65,00 :_ 45,97 
Oate of Comparison (Days) 
Groups 
0-0 7-7 14-14 21-21 28-28 
la-lb •.0,025 
la-2a •0,001 ,Q,05 
lb-2a ·0,01 ··0,02 ,Q,025 •0,02 
la-2b <0,05 ,0,005 
lb-2b 
2a-2D 
1 a+b-24 ·0,001 ,0,02 
1 Hb-2b 
TABLE 58d SIGNIFICANCE OF DIFFERENCES 
IN MEAN LEVELS 







The serial mean S.G.O.T. levels for the groups are illus-
trated and tabulated in Figure 58 on the opposite page. 
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The standard deviations were large (Table 58b), and log 
transformation was used to calculate the mean and standard 
deviation prior to calculation of the significance of dif-
ferences in mean levels, as explained in Appendix 4, page 342. 
The significances of changes and differences after log 
transformation are summarised in Tables 58c and 58d res-
pectively. 
(a) Groups l(a) and l(b) 
There were no significant differences in the serial 
mean levels between groups l(a) and l(b), except on day 
28 (p < 0,025), see Table 58d. The mean level in 
group l(a) was significantly elevated on day 7, but not 
thereafter. Group l(b) revealed a significant, sus-
tained elevation, see Table 58c. The mean levels in 
group l(a) were significantly higher than the levels 
in group 2(a) on days 7 and 14, and significantly higher 
than group 2(b) on day 7. Group l(b) revealed a sus-
tained, significant elevation above group 2(a), but not 
compared to group 2(b). The combined transplant group 
(l(a+b)), revealed mean levels significantly higher 
than those in group 2(a) on days 7 and 14. There were 
no significant differences compared to group 2(b), but 
the numbers are disparate. 
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(b) Group 2(a) 
A significant elevation in the mean S.G.O.T. level was 
seen on day 21, but the pattern remained essentially 
normal during the postoperative period. There were 
no significant differences compared to group 2(b). 
(c) Group 2(b) 
A significant elevation in the mean S.G.O.T. level was 
seen on day 21, while the remaining mean levels did not 
vary from the pre-operative normal. 
Interpretation 
The postoperative changes in mean S.G.O.T. levels in groups 
l(a) and l(b) were comparable except on day 28, when the 
group l(b) animals exhibited mean values significantly higher 
than those seen in group l(a). 
The individual transplant groups l(a) and l(b), and the com-
bined transplant group (l(a+b)), revealed a different pattern 
of mean S.G.O.T. levels in the postoperative period, when 
compared to the mean levels in groups 2(a) and 2(b). The 
range of postoperative levels varied enormously in individual 
animals, and also between animals in all the groups, as can 
be seen in the case histories on pages 269-315. 
The significance of the changes seen in the levels of S.G.O.T. 
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28 
Group l{a)- Ht2terotopi.c. allograft .,. chol.ecysto_c.h.olecy&tostorny. 
Group 1 (b)- • n + chol.eCljs.'tJ:uejuncchDt.ec'fstostom';f-
Group 2.(8.)- Enc(-to-sict.e port1:1caval sh.un:t. 
Group 2.(6) · Sham. laparotorny. 
Day 
OP r;;-;1 H 21 ~ 28 1 No No No 
i 
7 ! 90,85 ! 20,97 ' 92,00 :. 28,20 107,50.!_ll,77 6 ! 71,40 .'. 38,22 55,50 ! 43,72 I I 89,10 !. 24.91 10 I 75,41 ! 21,37 12 61,54 ! 29,56 11 52 ,85 ! 33 ,63 7 36,25 .'. 15,80 
i I 109,07 .'. 22,11 14 65,13 .'. 19,14 11 I 57 .so .'. 16,)8 12 63,00 .'. 22 ,91 61,57 .'. 14 ,62 
107 ,40 .'. 16 ,24 
1
, 105,40 .'. 20,24 ' lOJ,40 .'. 15,56 97 ,40 .!. 13,41 102,5 !. !7 ,52 
I 
89,82 .'. 23,33 17 I 81,52 .'. 25,40 19 78,41 .'. 32,go 17 60,53.!. 36,77 12 47,80 ! 40,16 I 10 
Me.3n + l SD No = Nurnbt:!r of 5dmples pf"ocessed 
,A9lE 59b MEA~ LEVELS FO• THE FOUR GROUPS ANO o,E SUBGROUP 
I Time Interval (O,ys) l Grcu;.i 
0-7 0-14 0-21 ; 0-28 
! la 
i lb 0,025 0,005 
'. 2a 0,001 O,JOl · 0,001 C,U'.Jl 
2b 
i 1 a+l~ 0,02 0,/)0:J 
I 
TAS,_E 59c S!rJHFlCA'ICE OF (1-P,.,',GES !'1 
!:!f~\/ELS 
p< : s i gnl f1 .... cnce 
= no significont difference 
., no or i11suff• cient J':ltJ 
Date of Compar"i son (Days) 
Grou;ics 
0-0 7-7 14-14 21-21 I 28•28 
la-lb · 0,005 
la-2a 0,05 ' , 0.001 
lb-2d · 0,025 
ta-2~ 
lb-2> · 0.02 · 0,02 0,025 0,005 





I.ABLI 59d SlGll!FlCANCE OF OlFFERENCES 
IN MfA~ LE'lflS 
FIGURE 59 CHOLESTEROL - SERIAL CHANGES IN MEAN LEVELS 
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(5) SERUM QlOLESTEROL 
The serial mean cholesterol levels for the groups are illus-
trated and tabulated in Figure 59 on the opposite page. The 
significances of changes and differences in mean levels are 
summarised in Tables 59c and 59d respectively. 
(a) Groups l(a) and l(b) 
The mean levels in group l(a) remained static until 
day 14, and then gradually fell, but the fall was not 
significant. Group l(b) animals demonstrated a slow, 
progressive decrease in mean levels, significant on days 
21 and 28. There were no significant differences be-
tween the mean levels of groups l(a) and l(b), except 
on day 14. The mean levels of the combined transplant 
group (l(a+b)), revealed a sustained fall, significant 
on days 21 and 28 - see Tables 59b and 59c. 
Group l(a) followed the pattern of group 2(b) animals 
for the first 14 days,and then fell to levels closer to 
group 2(a) animals. The mean levels of group l(b) 
decreased in a manner roughly parallel to the group 2(a) 
animals, except for day 28 when the mean level was sig-
nificantly lower. 
(b) Group 2(a) 
There was a progressive, highly significant decrease in 
mean cholesterol levels in the postoperative period. 
The mean levels were significantly lower than group 2(b) 




// / ---~,--·-·-:I t:...-..,/;?" 
/ /. ,// ' ·--·-·- . ...-· /' ,_ ' :::.:.----. ..;' / 
/ /2(a) , -- / 
/~,// ---- ---- ,< (b' ____ [.,.," 




,,' l(b).......... ,,,"" 
;" .. ' ; 




Group l(a) - Heterotop,'c. allograft + cholecyst:oc.h.olec1.3stostom':f· 
Group l(b) - ,, + cholec':lstojejun.ocholecystostom.tJ. 
Group 2(~ - En.d-to-side portacaval srwn:C. 
Group 2(b)- Sham laparotom':I. 











6,31 ! 0,59 8 7,45 .!, 1,07 . 6,68 ! 0 ,29 
6,31 ! 0,49 6,02 ! 0,71 12 6,23 ! 0,92 
6,18 ! 0,74 10 7, 18 ! 1,18 6,96 ! o.s~ 
5,32 ! 0,31 6,16 ! 0,94 6 ,46 ! 0,61 
6,31 ! 0,54 16 6,55 ! 1,10 19 6,39 ! 0,79 
Mean ! 1 SD No • Numbel" of samples processell 
HEAN LEVELS FOR THE FOUR GROUPS A~D ONE SUBGROUP 
! Time Interval (Oats} 
Group I I I 0-7 I 0-14 I 0-21 , 0-28 
I 
. 
la 0,025 - - D.05 
lb - - . - -
1,0.~1 
I 
.Q,OS 21 ,0,02 . . 
2b <0,02 1,0:oos ' ··0,02 
I a+l?l i - . .·Q,OS I i 
TABLE 60, SIGNIFICA.~CE OF CHA.iGES IN 
l'EA.~ LEVELS 
p< '"Significdnce 
= no significant di ffe ren ce 


















6,88 ! 0,42 I 6 7,11 ! o,6u 
5,78 ! 0,84 I 6,33 ! 0,61 
! 6,80 ! 0.75 8 7 ,26 ! 1,08 
6,50 ! 0,36 7 ,37 ! 1,07 
6,29 ! 0,87 13 6,85 ! 0,71 
Date of Canpari son ( D4ys) 
0-0 I 7-7 I 14.14 I 21-21 
! I 
I <0,05 I 
\ - l 
: i - I 
~ 60d SIGNIFICANCE OF DIFFERENCES 
---< 
I I 
! No I 
6 
28-28 
FIGURE 60 TOTAL PROTEIN - SERIAL CHANGES IN MEAN LEVELS 
{c) Group 2(b) 
The mean cholesterol levels remained within noi:mal 
limits throughout. the period of study. 
Interpretation 
Two distinct patterns of changes emerged in the mean post-
operative cholesterol levels. Group 2(b) animals (sham 
laparotomy) revealed no significant changes from normal. 
Groups l(a), l(b) and 2(b) all showed a progressive decrease 
in mean cholesterol levels, significant in all three groups 
from 21 days onwards. The decrease in mean levels was more 
rapid in group 2(a) animals. 
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The pattern of postoperative changes in the transplanted ani-
mals thus roughly paralleled the patterns seen in the porta-
caval-shunted animals, and were distinctly different from the 
pattern seen in the sham operated group. 
(6) SER.UM TOTAL PROTEIN 
The serial mean total protein levels for the groups are illus-
trated and tabulated in Figure 60 on the opposite page. The 
significances of changes and differences are summarised in 
Tables 60c and 60d respectively. 
(a) Groups l(a) and l(b) 
There were significant differences between groups l(a) 
and l(b) on days 7 and 21, as shown in Table 60d. 
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1 
OP 7 14 
D~YS 
21 28 
Group l(a) - Heterotop'i.c allogreft + cholecystochol.ecystostomy-
Group l(b) - • • + choLec'istoj(JUn.ochcl.ec':lstostorny-
Group 2(a)- £nd-to-s,a.e. portacaval shvn:t. 
GrOl.lp 2(b)· Sham laparotoml/· 
~ 6Ja SERIAL CHANGES IN MEAN ALBUMIN LEVELS FOR THE GROUPS. (Hean ! 1 SEH) 
Oay 
Croup 
OP - 7 - 14 - 21 - 28 -
No No No Ho No 
la 1,82 ! 0,32 8 2,04 ! 0,2B 7 2,00 ! 0,24 6 1,85 ! 0,26 6 1,73 ! 0,47 6 
lb 1,78 ! 0,16 8 1,51 ! 0,33 12 1,70 ! 0,36 11 1,41 ! 0,20 7 1,63 !0,12 J 
2a 1,85 ! 0,40 10 1,91 ! 0,35 9 1,70 ! 0,54 12 ! ,SB ! 0,51 8 1,51 !0,37 4 
2b 1,70 .! 0,33 4 1,7?. ! 0,39 4 1,B6 !. 0,37 5 2,04 .! 0,37 5 2,20 !0,69 4 
la+lb 1,80 ! 0,25 16 1,71 ! 0,40 19 1,80 ! 0,35 17 1,61 ! 0,32 13 1,70 !0,39 9 
Mean ! 1 SD No • Number of samples proc~ssed 
~ 6lb MEAS LEVELS FOR THE FOUR GROUPS ANO ONE SUBGROUP 
Time tnternl (Oa:;s) 
Group 
Cate of Canpadson (Cays) 
Groups 
0-1 0-14 0-21 0-28 0-0 7-7 14-14 21-21 28-28 
la I - - -- I 
lb <0,05 - <0,005 -
21 - - - -
2b - - - -
h+1b - - - -
~ 61c SIGNJF!CAIOCE OF CHANGl:S IN 
!!cAN LEVELS 
p< • significance 
• no significant difference 
• no or insufficient data 
la-lb <0,025 <0,01 
la-2a 
lb-2, <0,02 




1 a+b-2b <0,05 
TABLE 61d SIGNIF!Cft.~CE OF DIFFERENCES 
IN Ml:AN LEVELS 
FIGURE 61 ALBUMIN - SERIAL CHANGES IN MEAN LEVELS 
the increase being due to significant increases in 
globulin. There were no significant differences be-
tween the mean levels of groups l(a), 2(a) and 2(b) 
during the postoperative period. Group l(b) animals 
revealed no significant changes in mean levels, and 
were significantly lower than group 2(a) throughout 
the postoperative period. The combined transplant 
group (l(a+b)), revealed a pattern similar to that 
seen in groups 2(a) and 2(b). 
(b) Group 2(a) 
211. 
There was a sustained, significant elevation in mean 
total protein levels in the postoperative period. This 
reflected an increase in globulin. 
(c) Group 2(b) 
There was a sustained, significant elevation in mean 
total protein levels compared to the pre-operative level. 
On day 28· the mean level was significantly elevated above 
the laboratory normal. These increases reflected the 
sum of the increases in both albumin and globulin. 
(7) SERUM ALBUMIN 
The serial mean albumin levels are illustrated and tabulated 
in Figure 61 on the opposite page. The significances of 









Group l(a) - Heterotoptc allo<Jraft + chol.ecystocholecystostomy 
28 
Group l(b) - ~ + ch.olecyst.ojejun.ocholec':Jstor.torn.'I 
Group ::?(a)- En.a,to-side por-Cacaval Shun.t. 
Group 2(b)- Sham laparotomy. 




~ r-;;- 14 I- 21 - 28 · No No 
! la I 4,48 .! a.so ! 
I I 
! 
8 5,41 .! 0,92 I 7 4,68 ! 0,48 I 6 5,03 ! 0,42 6 5.38 !. 0.45 
I lb 4,52 .! 0.53 8 4,50 .! 0,57 ! 12 4,53 ! 0,64 ; 11 4,37 .!. 0,68 7 4,70 ! 0,48 
I 2a 4,33 ! 0,57 I 10 5,27 .! 1.20 i 9 5,26 ! 0,66 12 5,21 .! 0.45 8 5,22 ! 0,31 
2b 3,62 .! 0,22 i 4 4,50 ! 0.94 I 4 4,60 ! 0,32 5 4,46 ! 0,10 5 5,17 ! 0,64 I 
1a+.lb 4,50 
I I I 
I ! 0,51 I 16 4,84 ! 0,84 , 19 I 4,58 ! 0 ,59 17 4,67 ! 0,66 i13 5,15 !. 0,56 I l I 
Mean + 1 SO No • "lumber of sa'Tlpl es processed 
TABLE 62b MEAN LEVELS FOR THE FOUR GROuPS AND ONE SUBGROUP 




i 6 I 
I 3 I 
4 
l 4 
I 9 I 
0-7 : 0-14 : 0-21 : 0-28 I 
\ Groups 
0-0 I 7-7 I 14-14 I 21-21 28·28 
la <0,05 ,0,001 i 
lb 
I ,o:o, : <0,005 ! ,Q,005 2a ,Q,02 
I I 
2b I <0,005 I '0,001 : <0,01 




TMLE 62c SiCIHFICA.'iCE OF CHA."'IGES IN 
MEAN LEVELS 
pc: = significan::e 
"' no s i gni fi cant difference 




la-lb i ,0.02 I - I -- I 
1 a-2a 
I - - I - i -' 
f ,o,oz lb-2a ' - i <0.02 - I 
i<0,025 la-2ti <0,01 - -I i )b-2b <0,01 - I - -' I ! 
2a-2b <0,05 I - ;<0,005 - I 
1 a+b-2a - - 1 <0,01 i -! I 
l a+-b-2b <0,005: - i - ' -
I I 
TABLE 62d S!GN!F!CANCE OF O!FFERrnCES 
IN MEAN LEVELS 
i 









(a) Groups l(a) and l(b) 
There were significant differences between groups l(a) 
and l(b) on days 7 and 21. The mean levels in group l(a) 
did not alter significantly during the postoperative 
period, and did not differ significantly from the values 
seen in group 2(a). Group l(b) demonstrated a signifi-
cant decrease on day 21, but not thereafter. The com-
bined transplant group (l(a+b)), revealed a pattern 
similar to that seen in groups 2(a) and 2(b). 
(b) Group 2(a) 
There were no significantly different mean albumin levels 
during the postoperative period. 
(c) Group 2(b) 
There was a progressive elevation in mean levels, but 
the differences were not significant. 
(8) SER.UM GLOBULIN 
The serial mean globulin levels are illustrated and tabulated 
in Figure 62 on the opposite page. The significances of 
changes and differences in mean levels are summarised in 
Tables 62c and 62d respectively. 
(a) Groups l(a) and l(b) 
There was a significant difference in mean levels be-
tween groups l(a) and l(b) on day 7. The mean levels 
in group l(a) were significantly elevated on days 7 and 
212. 
213. 
28, and were not significantly different from the mean 
levels in group 2(a) during the postoperative period. 
Group l(b) revealed no significant changes during the 
postoperative period. The combined transplant group 
(l(a+b)), revealed an elevation in globulin on day 28 
similar to that seen in groups 2(a) and 2(b). 
(b) Group 2(a) 
A significant, sustained elevation in mean globulin 
levels was seen throughout the postoperative period. 
Cc) Group 2(b) 
The mean globulin levels in group 2(b) increased sig-
nificantly in the postoperative period. 
Interpretation of changes in Serum Proteins 
Group l(a) animals closely followed the pattern seen in 
group 2(a), and revealed significantly higher levels than 
group l(b). The group l(a) donor livers were shown to 
have, in general, an inferior quality compared to group 
l(b) livers. Group l(b) tended to follow the pattern of 
group 2(b) animals. All 4 groups revealed some elevation 
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Group l(a) - Heterotopic allograft +- cholecyst.ocholecystostorn.y-
Group 1(~- ,. ,, + cholec.ystojttiuncc.holecystosto,ny. 
Group 2aj- E.nd-to-:sid.e portacsval .shun.,. 
Group 2(b)- Sharri laparotorn'j. 
GRAPH 63a SERIAL C~ANGES IN MEAN H~EMOGLOB!N LEVELS FOR THE GROUPS. (Mean.'. l Sm) 
Oay 
Gr Jup ~ OP 
!No 
14 21 28 r--" 
I No No , No 
I 
la 11. 73 .!. 1,49 9 . 12,18 .'. 0,78 10,08 _! 1,26 9,91 .! 2,15 
I 6 
lb 11, 53 ! 1,34 ! 12 9.iB.!. 2,54 13 9,18 ! 2,55 I 11 I 8,08 !.. 2,69 8 7 ,50 ! 1,9~ 
2a 10,93 .!. 1,19 I 11 10, 77 .!. 2,09 : 12 10 ,49 .'. 1,67 I 10 10,69 ! 1.91 10 ll ,02 2,39 .!. i 
i 2b 11,00 ! 1,04 9,96! 1.04 5 10.00 .'. 1,0, I 5 10,44 !_ 1,26 s 11,22 1,19 4 I : I ! I I I la+lb I 11,61 ! 1,41 I 21 10,42 ! 2,21 22 10,24 .'. 2,55 
I 
Mean + 1 so No ,. Number of H~r1 es processed 



















i :::::, :;J 
; .-a.001 <0,001 I 
' I . 
TA~LE 63c StCJUFICANCE OF CHMlGES I~ 
MEAN LEVELS 
p< .. significance 
= no significant diff~rence 
'" no or insufficient d4ta 





I :::: I 
1 2•·2b I 
I 1 a+b-2a l 
1 
la,b-10 I 
Oate of Comparison (Days) 
o-o I 1-1 114-14 I 21-21 I 28-28 
I - i 
! 
<0,02 . - I _ 
- I co,05 . 0.02 
<0.05 . - I _ 
<0,005 - I _ 
- ·0,02 
: I : 
- I -
~ 63d SIGNIFICANCE OF DIFFERENCES 
IN MEAN LEVELS 
FIGURE 63 HAEMOGLOBIN - SERIAL CHANGES IN MEAN LEVELS 
214. 
( 9) HAEMOGLOBIN 
The serial mean haemoglobin levels of the groups are illustra-
ted and tabulated in Figure 63 on the opposite page. The signi-
ficances of changes and differences in mean levels are summarised 
in Tables 63c and 63d respectively. 
(a) Groups l(a) and l(b) 
Groups l(a) and l(b) exhibited significantly different 
mean levels on day 14 only. After day 14, there was a 
progressive fall in mean haemoglobin levels in group l(a) 
animals, being significant on day 21. Group l(b) animals 
demonstrated a progressive, significant depression in 
levels from day 7 onwards. The combined transplant 
group (l(a+b)), showed a significant sustained fall in 
mean levels throughout the postoperative period, (Tables 
63b and 63c). 
(b) Group 2(a) 
There were no significant changes in mean haemoglobin 
levels. 
(c) Group 2(b) 
The mean haemoglobin levels did not change significantly, 
and the pattern was similar to that seen in group 2(a). 
Groups 2(a) and 2(b) were not significantly different 
from the combined group l(a+b). 
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Group 1(aJ-lleterotoptc allograft + chol~cyrrocholecystosto,ny. 
Group 1(b)- ,, ,, + cholecystojejunoch.olu':lstostom.y. 
Group :?(a)- End-to-side portacava£ shunt:. 
Group 7!.(b)- Sham laparotom':I· 








16,95 ! 3,57 
20,51 ! 5,94 
15,04 ! 4,20 
18,80 ! 2 ,98 
18,99 ! 5,36 






31,20 ! 9,92 
32,08 ! 12,96 
30,45 ! 10,33 
27 ,04 ! 8,28 













22,66 ! 6,45 : E 28,31 :! 8,30 
33,71 ! 14,52 i ll I 28,21 !ll,04 
25,26 :! 4,21 ! 12123,66 ! 7,44 
22,48 :':. 4,72 I 5 22,76 !. 5.21 I 5 
29,81 ! 13,38 17 128,25 ! 9,96 i 14 
No • Number of sample'i processed 
28 
32,95 :! 13,16 
32,20 ! 9,31 
20,56 ! 5,90 
16,02 !. 5,00 







TABLE 64b MEAN LEVELS FOR THE FOUR GROUPS ANO ONE SUBGROUP 
FIGURE 
Time Inter-val (Days) 
Group 
\ 0-14 !, 0-21 \ 0-28 0-7 
I 
la <o,oos I - <0,01 I ,0,02 
lb <0,02 
l ; ,0,01 I <0,02 -
21 <0,001 <0,001 <0,005 ll <0,025 
2b I - - ! - ! -
la+lb I ,0.001 1,0,005 <O,oos j <0,001 
TABLf 64c SIGNIFICANCE O• CHANGES IN 
MEM LEVELS 
p< 2sigr:ificance 
• no sigrii ficant difference 
"'no or insufficient ddta 
Date of Ccmparison (Days) 
Groups 
\ 14-14 0-0 7-7 21-21 
la-lb I - I 
la-2a I 







TABLE 64d SIGNIFICA.~CE OF DIFFERENCES 
IN MEAN LEVELS 










Anaemia was seen in individual animals from all four groups. 
The degree of anaemia was most marked in group l(b) animals. 
The high incidence of gastric ulcers has been discussed in 
Section I on page 114. Haemorrhage from the gastric ulcers 
contributed to the development of anaemia in the four groups, 
but other factors also played a part. In some of the trans-
planted animals, blood was entrapped in the donor livers; 
several animals had severe intra-operative haemorrhage which 
may not have been replaced fully, and the high incidence of 
sepsis may also have contributed to the anaemia. 
There were no sustained, highly significant differences in 
mean haemoglobin levels during the postoperative period between 
groups l(a) and l(b), indicating that the two groups were com-
parable. 
(10) LEUCOCYTE COUNT 
The serial mean leucocyte levels for the groups are illustrated 
and tabulated in Figure 64 on the opposite page. The signifi-
cances of changes and differences in mean levels are summarised 
in Tables 64c and 64d respectively. 
(a) Groups l(a) and l(b) 
There were no significant differences in mean levels 
between groups l(a) and l(b) during the postoperative 
period. Both groups demonstrated significant elevations 
during the postoperative period, when compared with the 
pre-operative normal. The postoperative elevations re-
216. 
vealed no significant differences compared with the 
elevations seen in groups 2(a) and 2(b) on days 7, 14 and 
21, (see Tables 64b and 64d). 
(b) Group 2(a) 
Group 2(a) animals revealed significant, sustained serial 
leucocyte elevations above the pre-operative normal, but 
on day 28, the mean levels were significantly lower than 
those seen in groups l(a) and l(b). 
(c) Group 2(b) 
The mean leucocyte levels in group 2(b) were elevated on 
days 7, 14 and 21, but not significantly so. On day 28 
they were significantly lower than the mean levels in 
groups l(a) and l(b). 
Interpretation 
All four group8 of animals exhibited leucocytosis during the 
postoperative period. This was significant in groups l(a), 
l(b) and 2(a). The leucocytosis in these three groups was 
to be expected, as the animals had all had an operation, and 
there was a high incidence of wound sepsis and pulmonary in-
fection in the three groups. Group 2(b) animals had the 
least operative stress and revealed less sepsis and pulmonary 
infection, probably accounting for the lower mean levels and 
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Group l(Ja) - J..leterotop,c atlograft + cholectjs"tocholeet:1s-tos torn..y. 
TN 
1'. 
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Group 2(a) - En.cl.-t.o-sid.e portacaval shun.-C . 
Cnx;p 2(b) - Sham. l.eparotom':J· 











9 592,37 :!_214,06 1420,77 .!. 126,42 
I 375,75 .!. l5o,55 
I 434,91 .!. 147 .60 
I 600,00 :!. 163,55 , 
1395,04 :!. 146,11 ' 21 
12 1497,15 :!_371,09 
12 ,391,23 + 113,94 
1610,00 ~ 212,26 
' -I 




8 412,50 _!:336,37 
13 378,09 :!. 224,42 11 
13 411,50 :!_118,05 10 
5 404,16 ! 149,59 ! 5 




Me,rn :_ 1 SCJ No = Nuf'lber of samples processed 
~ 65b MEA'i LEVELS fOf-1 THE FOUR GROUPS MO O'iE SUBGROUP 
2! r:;:-1 
~ 422,83 + 246.90 !6 
. - I 
\ 353,25:. 307 .sz I a 





431,66 .!. 186,73 ! 6 
256 ,40 + 160,01 i 5 
- I 
265,25 + 71,48 8 ! 
- I 
1, 410,00 .!. 73,48 . 5 345,25 + 75,36 I 4 
- I 
\ 383,01 :!. 205.22 , 14 I 352.00 .i.195,63 i 11 J 
FIGURE 65 PLATELETS - SERIAL CHANGES IN MEAN LEVELS 
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(11) PIATELET COUNT 
The serial mean platelet count levels are illustrated and tabu-
lated in Figure 65 on the opposite page. The standard devia-
tions were extremely large, and did not allow an accurate 
comparative statistical analysis. The means and standard 
deviations were recalculated using log transformation as 
described on page 342 but the resultant standard deviations 
were still too large to permit comparative analysis. 
The pattern of changes in mean platelet levels is illustrated 
in graph 65a opposite. There were no distinct, sustained 
patterns of differences between the mean values of groups l(a) 
and l(b), nor between the mean levels of groups l(a) and l(b) 
compared to the control groups 2(a) and 2(b). 
(12) NEUTROPHILS 
The serial mean percentage neutrophil levels for the groups 
are illustrated and tabulated in Figure 66 on the next page. 
The significances of changes and differences in mean levels 
are summarised in Tables 66c and 66d respectively. 
(a) Groups l(a) and l(b) 
There were no significant differences between mean per-
centage neutrophil levels in groups l(a) and l(b) at 
any stage, Neither group l(a) nor group l(b) 
revealed changes significantly different from normal 
during the postoperative period. Groups l(a) and l(b) 
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OP. 7 J4. 21 28 
D.QYS 
Group Z(a) - H12terotop,c aLlogrart .,. cholecystocholec.ysto.storn<.j. 
Group Ub)- ., • 1- chol~cystoj,uun.ocholec.ystostom.y. 
Group <(a) - £rut-to •s;de. portacaval shunt . 
Group 2(b)- Sham laparotorny · 










42,44 !. 15,84 9 
49,16 !. 13,:" 12 
46,46 ! 16,40 I 12 
57 .oo • 12 30 I 4 
46,2s :. 14, 13 I 21 
Mean ! 1 SD 
52,66 ! 13,14 
56,07 ! 10,45 
56,50! 15,15 




9 - 51,00 !. 11,22 
13 47 ,36 ! 18,09 
12 61,66 ! 8,26 
5 32,40.!_ 7,44 
22 48,64 ! 16,10 
No .. Number of samples processed 
TABLE 66b MEAN LEVELS FOR THE FOUR GROUPS AND ONE SUBGROUP 
Time Interval (Days) 
Group 
l 0-14 i 0-21 I o-2a 0-7 
I I 
la - - I - ' -
lb 
! 
! - - - -
I 
21 I - <0,01 - -I I 
2b I I <0,01 ' - '<0,05 I -
la+lb I <0,05 i i - I - -i 
~ 66c SIGIIIFICANCE OF CHANGES IN 
MEAN LEVELS 
p< a significance 
"'no 5-ignHicant difference 
O a no or insufficient data 
I 
21 
44,66 .!. 19,57 6 
43,75 ! 13,05 8 
57,90 !. 13,92 10 
44,00 !. 10,41 ! 4 
44,14 ! 16,18 ! 14 
28 
52 ,83 !. 16 ,96 
51,40 ! 26 ,98 
52,75 !. 12,90 
27,75 !. 17.06 
52,18 ! 22,10 
Date of Ccmpar1son (Days) 
Groups 
0-0 7-7 14-14 Zl-21 28-28 
la-lb - i -
la.-2a <0,05 
I 
lb-2a <0,05 l <Ot05 
1a-2b <0,02 
lb-2b 
2a-2b <0,001 <0.02 
la+b-2a .-0,02 <0,05 
1•·b-2b I 
: 
: <O ,025 
I 
TABLE 66d SIGNIFICANCE OF DIFFERENCES 
IN MEAN LEVELS 
FIGURE 66 NEUTROPHILS - SERIAL CHANGES IN MEAN LEVELS 
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days 7 and 28 when compared to groups 2(a) and 2(b), 
and only minor significant differences on days 14 and 21. 
(b) Group 2(a) 
A significant elevation in mean neutrophil levels was 
seen on day 14 (p < 0,01). The elevation was signifi-
cantly above normal, and above the mean levels in groups 
l(a), l(b), 2(b) and l(a+b). The increase in mean per-
centage was accompanied by a depression in mean percen-
tage lymphocytes of the same dimension. The mean levels 
were not significantly different from normal during the 
remainder of the postoperative period. 
(c) Group 2(b) 
There was significant depression in mean percentage 
neutrophil levels on days 14 and 28. These decreases 
in mean percentage levels were compensated for by gross 
elevations in mean monocyte levels. No significance 
can be read into these two dramatic decreases, and it is 
thought that the changes might be due to observer error 
as these unusual levels corresponded with the annual 
leave of the normal haematology technologist, and it 
appears that her replacement may have had difficulty in 
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Group 1(!3) - J-/eterotopic :allegro-ft r cholec'istocholecystostorntj. 






Group :Z(.a) - End.- to-st de portacaval shun.t . 
Group ~(b)- Sham Laparotom'I· 
OP 
, I 29,12 .':. 1,00 
! 






37 ,16 .':. 9,61 
34,71 .':. 19,53 
36,66 .':. 8,37 
37 .66 :_ 12, 37 
41,91,,:: 16,n 
34,75 .':. 10,98 
37 ,13 .':. 10,85 
! !2 31,08 .!. ll ,84 12 26, 16 !. 7 ,91 
29,00 :': 8,71 
11 17 ,40 .':. 9,79 
5 I 35,60 .<:. s,4o 
I 
22 35,58 :_ 16,75 
I T1rr.e Interval (Ooys) ! 
I Gros/ ,-------1 
I I 0-1 0-14 : 0-11 o-2s : >----; ----~:----~____, 
! 1o · I 
i 1, .0.02, I 
\ 2c' -:0,01 ··O,OS 
12b 
11,, lb <'.0,1)05 
TA3':...E 67c S'.Gi'dF!CMCE OF 01NISES l~ 
p( = signi f1once 
= no sig11if1c<1.nt differt!nce 
= no or in:.ufficient ddtJ 





:': 14 ,69 
12 i 2ts,B0 .!. 10 .60 




33,33 .':. 9 ,21 
31,60 :': 20,94 
31,50 .':. 7 ,66 
42,00 !. 7 ,44 
~t 
, No 
17 I 32,42 :': ll,10 :: I 31,54 .':. ;\,69 ! II 1 
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TABLE 67d SIGrHFIC,VJCE OF OlFFERE/'i(ES 
IN MEAN LEVELS 
28-18 
67 LYMPHOCYTES - SERIAL CHANGES IN MEAN LEVELS 
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Interpretation 
There was no sustained, highly significant pattern of differ-
ences in mean percentage neutrophil levels between any of the 
groups in the postoperative period. 
(13) LYMPHOCYTES 
The serial mean percentage lymphocyte levels of the groups are 
illustrated and tabulated in Figure 67 on the opposite page. 
The significances of changes and differences in mean levels 
are summarised in Tables 67c and 67d respectively. 
(a) Groups l(a) and l(b) 
There were no significant differences in the mean percen-
tage lymphocyte levels between the two transplant groups 
l(a) and l(b). Group l(a) remained essentially normal, 
while group l(b) exhibited a mean decrease on day 7, but 
returned to normal limits thereafter. Groups l(a), l{b) 
and l(a+b) had mean levels essentially similar to groups 
2(a) and 2(b) throughout the period of study. 
(b) Group 2(a) 
The mean percentage lymphocyte levels were significantly 
depressed on days 14 and 21, with compensatory neutro-
philia. 
(c) Group 2(b) 
There were no significant changes in mean percentage 
lymphocyte levels during the postoperative period. The 
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FIGURE 68 MONOCYTES - SERIAL CHANGES IN MEAN LEVELS 
levels were significantly elevated above group 2(a) mean 
levels on days 14 and 28. 
Interpretation 
There was no highly significant, sustained pattern of differ-
ences in mean percentage lymphocyte levels between any of the 
groups in the postoperative period. 
(14) MONOCYTES 
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The serial mean monocyte levels of the groups are illustrated 
and tabulated in Figure 68 on the opposite page. The signifi-
cances of changes and differences in mean levels are summarised 
in Tables 68c and 68d.respectively. 
(a) Groups l(a) and l(b) 
There were significant differences between the mean percen-
tage monocyte levels of groups l(a) and l(b) on days 14 
and 28. Group l(a) animals remained within normal limits 
except for day 14 when a significant decrease was seen 
(p < 0,05). Group l(a) revealed mean percentage levels 
significantly lower than group l(b) on days 14 and 28, 
and lower than groups 2(a), and 2(b) on day 14. Group l(b) 
levels were significantly elevated above normal throughout 
the postoperative period. Group l(b) mean levels were 
significantly elevated above group 2(a) on day 21, and 
were significantly lower than group 2(b) on days 14 and 28. 
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(b) Group 2(a) 
The mean percentage monocyte levels did not change signifi-
cantly during the period of study. 
(c) Group 2(b) 
The mean percentage monocyte levels were significantly 
elevated on days 14 and 28 - an elevation that may be due 
to observer error, as described on page 218. 
Interpretation 
There was no highly significant, sustained pattern of differ-
ences in mean monocyte levels between the two transplant groups 
l{a) and l{b), or between the two transplant groups and the 
two control groups {2(a) and 2{b)). The significant differences 
seen were sporadic, and may have been due, in part, to observer 
error. 
(15&16) EOSINOPHILS AND BASOPHILS 
The serial mean eosinophil and basophil levels in the four 
groups of animals varied by less than 5% during the postopera-
tive period, and the small changes that occurred were considered 
insignificant, and no statistical analysis was performed. 
The serial mean levels of the 5 groups are tabulated in Tables 
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- 4 4 4 3 4 4 
2 - l 4 1 2 1 
- - 1 1 l 1 1 
1 2 1 4 - 2 -
l 2 - 1 4 - l 
2 - - 3 - l -
2 - - l 1 - l 
1 - l 2 - 1 -
l 1 l 2 l - -
- l l 1 1 1 l 
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2 1 2 1 l 1 2 
- 0 I - 0 - 0 -
- 0 - 0 - 0 -
- 0 - 0 - 0 -
KEY: 1 - 4 = The number of times significant differences occurred between the mean levels of the groups 
compared, during the postoperative period. 
- • No significant differences between mean levels of the groups during the postoperati11e ptriod. 
O = No or insufficient dat~. 
x = Unable to perform a statistical analysis, but mean levels not greatly disparate during the 
postoperative period. 
m = Less than 5% change in mean 1 eve 1 s during the pos toper a ti ve pPri od, and therefor,; differences 
in mean levels considered insignificant. 
l(a) • Heterotopic allograft plus cholecystocholecystost001y. 
l (b) = Heterotopi c a llograft pl us cho l ecys tojejunocho l ecys tos t001y. 
2(a) • End-to-side portacaval shunt (Control). 
2(b) = Sham laparotany (Control). 
l(a+b) = C001bined allograft group. (The 22 animals with serial estimations of all the factors). 
This Table has been compiled from Tables 64 - 71. 
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TABLE 38 THE FREQUENCY OF SIGNIFICANT DIFFERENCES IN MEAN LEVELS BETWEEN 
THE GROUPS DURING THE POSTOPERATIVE PERIOD 
222. 
(17-19) ACID-BASE STATUS 
The serial mean pH, pC02 and standard bicarbonate levels for 
the groups are tabulated in Tables 54-58, on pages 344-348. 
The significances of changes seen in groups l(a), l(b), 
l(a+b) and 2(b) are tabulated on Tables 59-63 in the 
Appendix, pages 349-353. 
There were no significant differences in the postoperative acid-
base status between groups l(a), l(b), l(a+b) and 2(b) -
see Tables 64-71 on pages 354-361. 
There was insufficient data in group 2(a). 
DISCUSSION IN CONTEXT 
The biochemical and haematological changes that occurred 
during the postoperative period in the four groups of 
animals, and one sub-group (l(a+b)) have been presented 
and briefly analysed on pages 201-222. The frequencies 
of significant differences in mean levels between the 
groups, during the postoperative period, have been surrnna-
rised in Table 38 on the opposite page. 
There were no significant differences in mean levels be-
tween groups l(a) and l(b) at any time during the post-
operative period for CSF glutamine, alkaline phosphatase, 
leucocyte count, neutrophils, lymphocytes and acid-base 
status (column 1 - Table 38). The platelet counts could 
not be analysed statistically, but the serial mean post-
operative levels did not differ greatly between groups 
l(a) and l(b). The serial mean eosinophil and basophil 
levels in both groups remained within normal limits. Thus, 
in 11 of the 19 factors, groups l(a) and l(b) revealed 
comparable postoperative patterns. 
There were isolated significant differences in mean SGOT, 
cholesterol, globulin and haemoglobin levels during the 
postoperative period. These differences were neither sus-
tained nor highly significant,and groups l(a) and l(b) can 
be regarded as being comparable with regard to these 4 fac-
tors. 
Significant differences were detected between the serial 
mean levels of venous ammonia, total protein, albumin and 
globulin on two occasions during the postoperative period, 
for each of these factors, as sununarised in column 1, 
Table 38. 
The mean venous ammonia levels for group l(a) were elevated 
significantly above normal throughout the postoperative 
period, and closely followed the pattern of mean levels 
223. 
seen in the control portacaval-shunted animals (group 2(a)), 
while the mean postoperative levels for group l(b) were 
never elevated significantly above normal, and followed the 
pattern seen with the sham-operated control group (2(b)). 
As a group, the donor livers from group l(a) were of inferior 
histological quality compared to the donor livers from 
group l(b), and this may have accounted for the significant 
differences in mean levels seen on days 21 and 28. 
The differences in mean total protein and albumin levels on 
days 7 and 21 were not highly significant, and were not 
sustained. The feeding habits of individual pigs could 
not be established accurately. Dietary intake can be 
responsible for this observation, as reported by Hickman 
( 91). 
The differences in mean percentage monocyte levels on 
days 14 and 28 were not highly significant, and not sus-
tained throughout the postoperative period and do not ap-
pear to be due to the types of biliary drainage used. 
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It has therefore been established that there were no sus-
tained, highly significant differences between the mean 
postoperative levels of any of the biochemical and haema-
tological factors tested in groups l(a) and l(b). 
Groups l(a) and l(b) are thus comparable biochemically and 
haematologically, suggesting that the type of biliary drain-
age did not influence the postoperative levels of these 
factors. 
The use of the two control groups (2(a) and 2(b)), helped 
to clarify the importance of the changes in mean levels of 
the 19 factors, during the postoperative period. It can 
be seen, in Table 38, columns 2-7, that the frequency of 
significant differences in mean levels between the transplant 
and control groups during the postoperative period, was 
highest for CSF glutamine. With one exception, (group 
l(b) compared to group 2(b)), there were significant dif-
ferences in mean levels between the transplant and control 
groups at each weekly sampling period - (see Figure 55 on 
page 201F. The analysis also revealed three distinct 
patterns of serial mean CSF glutamine levels for the trans-
plant, sham and portacaval-shunted groups, as discussed on 
pages 201-203. 
None of the remaining 18 factors revealed a high frequency 
of significant differences in mean levels between the trans-
plant and control groups during the postoperative period. 
The transplant group as a whole (group l(a+b)) revealed 
only sporadic differences between mean levels when com-
pared to the control groups 2(a) and 2(b) during the post-
operative period - columns 6 and 7 in Table 38, 
It is thus apparent that there were distinct differences 
in mean CSF glutamine levels between the transplant and 
control groups during the postoperative period, and that 
225. 
there were no sustained, distinct patterns of differences 
in mean levels of the remaining 18 factors. 
The changes that occurred in the mean levels of the 19 
biochemical and haematological factors will be further 




OVERALL DISCUSSION AND CONCLUSIONS 
PART II 
CHAPTER 4 
OVERALL DISCUSSION AND CONCLUSIONS 
The high incidence of serious and fatal complications 
arising directly from the reconstruction of the biliary 
tract in both clinical and experimental liver transplanta-
tion, has been discussed in the Main Introduction. The 
review of clinical and experimental experience revealed 
that ultimate drainage of the donor bile through the re-
cipient's sphincter of Oddi was desirable, but that 
anastomoses directly involving the recipient's connnon bile 
duct had produced an unacceptably high rate of fatal com-
plications in human transplantaion. A new technique of 
biliary tract reconstruction, described by Immelman (97), 
in which the donor and recipient gallbladders were anas-
tomosed end-to-end was discussed. This technique allowed 
ultimate drainage of donor bile through the recipient's 
sphincter of Oddi, and avoided both direct biliary-enteric 
anastomosis and surgery to the recipient's common bile 
duct. 
Immelman's technique of auxiliary transplantation and 
cholecystocholecystostomy was studied in Part I of this 
presentation, and it was shown that the donor and recipi-
ent gallbladders could be apposed comfortably in only 50% 
of the human cadaver transplants. A method was developed 
and described, whereby the gap between the donor and re-
cipient gallbladders in the heterotopic human cadaver 
transplant model could be bridged by the interposition of 
an isolated, vascularised, isoperistaltic jejunal loop. 
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The main objectives in undertaking Part II of this study 
were to establish the technique of jejunal interposition 
in the heterotopic pig model, to assess the local effects, 
and to compare the local, regional and general effects with 
those seen in a parallel series of porcine transplants, in 
which bile drainage was created by means of cholecystochole-
cystostomy. 
Operative techniques and times have been discussed in Part 
II, Chapter 2. The general, local, regional, biochemical 
and haematological effects have been described in detail, 
and briefly discussed in context, in Part II, Chapter 3, 
Sections I-IV respectively. 
The interposition of an isolated, vascularised, isoperistal-
tic jejunal loop between the donor and recipient gallbladders 
has been shown, in the present study, to be technically 
feasible and successful in the heterotopic porcine model. 
The preparation of the isolated, vascularised jejunal loop 
utilised established surgical techniques (123). The gall-
bladder beds were not disturbed, the structures to be anas-
tomosed were large and easily accessible, and the proximal 
and distal cholecystojejunal anastomoses could readily be 
performed. The re-establishment of jejunal continuity was 
complication-free. 
Loop interposition added, on average, only 23 minutes to 
the complete transplant operation compared to cholecysto-
cholecystostomy. Thirteen of the 14 interposed loops 
were viable at autopsy, and revealed minimal macro- and 
microscopic changes. 
On comparing the local effects of loop interposition with 
the local effects following cholecystocholecystostomy, it 
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was shown that the two techniques produced comparable re-
sults. Minimal changes were detected in the recipient 
gallbladders of both groups, and microscopically the re-
cipient gallbladders did not vary significantly from the 
respective pre-operative control biopsies, nor from the 
postoperative gallbladders taken from pigs subjected to 
portacaval shunts or sham laparotomies. 
The spectra of changes seen in the donor gallbladders from 
the two transplant groups were similar, and were due to re-
jection rather than sepsis and stasis. Anastomotic leaks 
were infrequent with both techniques. The complications 
of anastomotic concretions, excessive granulation tissue 
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and biliary sludge were comparable in the two groups, and 
have been reported with other techniques of biliary drain-
age. The bacteriological studies of the extrahepatic 
biliary tracts confirmed previous reports on the potential 
danger of introducing bowel-based organisms into the biliary 
tract when utilising bowel in the drainage tract, and re-
vealed a bias in favour of cholecystocholecystostomy. 
Methods of decreasing the danger of bowel-based organisms 
in the loop technique were suggested in the discussion in 
Part II, Chapter 3, Section II. 
The regional effects on the donor and recipient livers in 
the two transplant groups were essentially similar. The 
postoperative recipient livers in the two groups revealed 
minimal morphological changes compared to the pre-operative 
state, and compared to the postoperative livers from the 
animals subjected to portacaval shunts or sham laparotomy. 
The pattern of weight loss in the recipient livers from 
both groups was comparable, and similar to the pattern seen 
in the livers from the portacaval-shunted group, and was 
probably due to the recipient livers being deprived of 
primary access to portal blood, and not related to the type 
of biliary drainage used. 
The morphological changes that occurred in the donor 
livers from the two groups were comparable, and appeared 
to be due mainly to rejection. The comparable low inci-
dence and degree of cholestasis and cholangitis in the 
2~. 
donor livers from both groups, indicated that the two methods 
of biliary drainage did not predispose to these complications. 
The direct, blind analysis of the incidence and degree of 
cholestasis and cholangitis in the donor livers from the 
present, Dent's (55) and Innnelman's (97) series, revealed 
a comparable, low incidence and degree of these two compli-
cations in the donor livers which had been drained via the 
sphincter of Oddi, and a high incidence and degree of choles-
tasis and cholangitis in the donor livers drained by direct 
biliary-enteric anastomoses. These results reinforce the 
concept that direct biliary-enteric anastomoses should be 
avoided, as discussed in the Main Introduction. However, 
the present study was limited to 28 days, and the favour-
able observation with regard to cholestasis and cholangitis, 
does not necessarily mean that these complications will be 
avoided in the long term. 
In the general clinico-pathological context, the two tech-
niques of biliary drainage produced comparable results, 
which were essentially similar to the general effects re-
ported with other transplantation techniques in pigs and 
dogs. 
The pattern of changes in mean values of the biochemical 
and haematological factors were comparable in the two 
transplant groups, and with a few exceptions, similar to 
the pattern of changes seen in the control portacaval-
shunted and sham laparotomy groups. The clinical value 
of the changes seen in the biochemical and haematological 
factors, will be discussed in Part III. 
The two types of biliary drainage which have been studied 
in this series have practical and theoretical advantages. 
In principle, both techniques avoid direct biliary-enteric 
anastomosis, thereby decreasing the likelihood of cholan-
gitis and cholestasis and thus creating for the donor 
liver, conditions more suitable for adequate function. 
Both methods avoid direct surgery to the recipient's com-
mon bile duct, thereby decreasing the potential hazards of 
leaks, cotmnon bile duct stones and strictures. Both 
techniques involve minimal disturbances of the donor and 
recipient extrahepatic biliary tracts, and leave the gall-
bladder beds undisturbed, thereby both preserving any 
blood supply from the bed, and avoiding the potential 
hazards of mechanical obstruction due to kinking, or ten-
sion on the cystic ducts. The structures are large and 
easily accessible, lending to safer anastomoses, and the 
avoidance of the twin dangers of leaks and strictures. 
There are advantages with regard to patient management. 
The surgeon performing the transplant operation has the 
choice of two drainage techniques, allowing him to tailor 
the operation according to the circumstances encountered. 
Drainage by means of cholecystocholecystostomy would be 
the first choice, but the present study has shown that 
cholecystojejunocholecystostomy is an acceptable alterna-
tive if the two gallbladders cannot be apposed. 
Should the donor liver be used as a temporary support, 
later donor hepatectomy could be performed, together with 
recipient cholecystectomy, leaving the recipient's liver 
and cotmnon bile duct unaffected by the previous drainage 
procedure. In cases where recipient hepatectomy may be 
indicated some time after the transplant operation, the 
recipient hepatectomy can be carried out, leaving the 
recipient's gallbladder, cystic duct and common duct in 
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situ, or, if indicated, the host's gallbladder can be re-
moved, and the donor gallbladder anastomosed to either 
the host's common bile duct, or a loop of jejunum. 
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The two drainage techniques allow for revision of the 
biliary drainage in the event of complications. Necro-
sis of the donor gallbladder due to rejection or vascular 
accident, could be treated by anastomosing the donor com-
mon bile duct to either the recipient's gallbladder, or to 
a loop of jejunum. Obstruction to the recipient's cystic 
duct could be treated either by recipient cholecystodo-
chostomy (as suggested by Waddell (214)) or by performing 
recipient cholecystectomy and creating donor bile drainage 
via cholecystenterostomy. 
The two techniques of biliary drainage have thus been shown 
to have a number of theoretical, technical and patient-
management advantages. 
There are theoretical and practical disadvantages inherent 
in the two techniques of biliary drainage under discussion. 
Utilisation of the two methods of biliary drainage im-
plies the presence of normal gallbladders in both the 
recipient and donor. Gallbladder disease or previous 
cholecystectomy in either donor or recipient, will demand 
a different method of bile drainage. The construction of 
an isolated, vascularised jejunal loop may be difficult 
and time-consuming in the face of established portal 
hypertension, or adhesions from previous abdominal surgery. 
The use of two cystic ducts in the biliary drainage tract 
has several potential disadvantages. The donor cystic 
duct may become occluded during a rejection episode, or 
due to infection (as discussed by Martineau et al (128)). 
The recipient's cystic duct may become obstructed by the 
type of biliary sludge that was encountered in the biliary 
tract in a few of the animals in this study. 
The fluid-mechanics of draining donor bile from a narrow 
cystic duct, into a large-calibre gallbladder, and thence 
into a small-calibre cystic duct, may create unfavourable 
conditions. There may be a sump-like effect, favouring 
the formation of precipitates and sludge; and the likeli-
hood of infection is increased in the face of focal stasis. 
The donor biliary apparatus is denervated with the trans-
plantation technique used. Biliary motility studies 
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could not be performed in this series, but the denervation 
did not appear to be disadvantageous in the 28 day study. 
However, in the long term, denervation may well prove to be 
disadvantageous, and may contribute to some of the sludging 
and concretion formation that has been reported with long 
term human and animal survivors. 
Concretions were encountered on the suture lines with both 
techniques in the present series, and have been reported 
previously with other techniques (42). These concretions 
may be the nidus for gallstone formation in the long term, 
and the two suture lines necessary when using an interposed 
loop, may double the hazard. Solution to the problem 
would probably lie in meticulous suturing technique, the 
use of the correct suture material and size, and the use 
postoperatively of agents which would oppose gallstone 
formation. 
The present study was limited to 28 days, and in the short 
term the two techniques of biliary drainage have revealed 
promising results. Howevera the relative importance of the 
advantages and disadvantages will only be fully established 
with long term studies in pigs 1 dogs and primates. 
CONCLUSIONS 
The second major objective in this study was to apply any 
modifications found to be necessary in the human cadaver 
, study in Part I, to a series of live porcine auxiliary 
liver transplant operations, and to study and compare the 
effects with those seen in a parallel series of transplants 
using Immelman's umnodified technique. Part I of the 
study revealed that while the subhepatic technique was 
feasible in the human cadaver, cholecystocholecystostomy 
could only be performed in 50% of the transplants carried 
out. Modification to the biliary drainage was thus neces-
sary, and cholecystojejunocholecystostomy was shown to be 
feasible in all' cases, while still adhering to the princi-
ples involved in cholecystocholecystostomy. 
The modification of interposing a jejunal loop between the 
donor and recipient gallbladders has been developed, 
studied and analysed in detail in the series of heterotopic 
porcine allografts, as presented in Part II. 
Cholecystojejunocholecystostomy is technically feasible in 
the pig, does not add significantly to the total opera-
tive time, and allows avoidance of both direct biliary-
enteric anastomosis and direct surgery to the recipient's 
common bile duct. The results were satisfactory in the 
short term, and comparable in almost every way with those 
achieved in the parallel series using cholecystocholecys-
tostomy. 
Both drainage techniques produced a low incidence and degree 
of cholestasis and cholangitis in the donor livers, com-
parable with the low incidence and degree seen in porcine 
orthotopic allografts where choledochocholedochostomy 
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was used for drainage. The two techniques produced mini-
mal effects on the donor and recipient gallbladders, and 
on the recipient livers. 
The two techniques of biliary drainage have advantages and 
disadvantages, which need to be clarified in long term 
studies in different animals before the techniques can be 
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A detailed study of the relationships between the histological quality 
of the donor livers, and the changes that occurred in the biochemical 
and haematological factors in the recipient animals, will be presented. 
The relationships were assessed in two ways: firstly related to time; 
and secondly without reference to the postoperative period. The two 
assessments will be presented and discussed separately. 
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It will be shown that the CSF glutamine levels in the recipient animals 
related accurately to the quality of the donor livers, in both the 
time-related and time-unrelated studies, and that none of the other 18 
factors which were assessed, showed consistent relationships to donor 
liver quality. 
The possible mechanisms responsible for the relationship between CSF 
glutamine and the donor liver are discussed, as well as the advantages 
and disadvantages of using CSF glutamine as a clinical diagnostic tool. 
PART III 
CHAPTER l 
INTRODUCTION AND AIMS 
The problem of the early detection of rejection in the donor liver, 
and its differentiation from cholangitis, bile stasis and other com-
plications, has been discussed in the Main Introduction. The point 
was stressed that in the presence of two livers in the heterotopic 
transplant situation, the problem of the early diagnosis of rejection 
is com.pounded, as function, or dysfunction of the host's own liver, 
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may modify the biochemical and haematological factors which may be use-
ful in monitoring the function of the donor liver, and thus mask changes 
due to dysfunction of the donor liver. Immelman (97) suggested, from 
a few preliminary observations, that the CSF glutamine levels might be 
a useful index of donor liver quality in the heterotopic porcine model 
under discussion in this presentation. 
The third major objective of this experimental study was to establish 
the relationship of CSF glutamine to donor liver quality, and to com-
pare its value with the information provided by the other biochemical 
and haematological factors. 
The study was undertaken in two parts. In the first study, the rela-
tionship was studied on a time related basis, while in the second study, 
the time factor was ignored. 
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The recipient animals used in this part of the study consisted of 9 
animals from group l(a) and 13 from group l(b). Both groups of 
animals had been subjected to auxiliary heterotopic liver transplanta-
tion as described in Part II, Chapter 2, and varied only in the type of 
biliary drainage which was employed. It has been shown in Part II of 
this presentation that the two transplant groups l(a) and l(b) were 
comparable in almost every clinical, pathological, biochemical and 
haematological factor assessed, and for the purposes of this part of 
the study, the 22 animals are regarded as a single group (the "combined 
transplant group" of Part II). 
Serial CSF glutamine, biochemical and haematological estimations 
(as outlined in Table 36 on page 197F, and simultaneous serial donor 





TIIE TIME REIATED STUDY 
METIIODS USED 
1. To assess the quality of the donor livers 
As described in Part II, Chapter 3, Section III, pages 174-176 & 183-
185, the quality of the donor·livers on days O, 7, 14, 21 and 28 was 
established by means of two separate histological analyses on the 
serial liver biopsy specimens. Five grades of functional quality 
were established (the Functional Liver Index) and five grades of 
rejection (the Rejection Index). The histological grading accorded 
to the individual livers is detailed in the Appendix, Tables 40-45 
on pages 319-324. It had been intended to investigate the rela-
tionship of cholestasis and cholangitis to the biochemical and 
haematological factors, but the incidence and degree of these 
complications were so minimal, that they could not be used in 
this part of the study. 
2. To assess the relationship between donor liver quality, and the 
levels of the biochemical and haematological factors in the 
recipient animals Time Related 
A simple statistical analysis was used to investigate the relation-
ship between the histological grades of the donor livers, and the 
levels of the simultaneously-harvested biochemical and haematolo-
gical factors in the recipient animals, in relation to the post-
operative period. 
242. 
As described in Part II, Chapter 2, simultaneous CSF, blood and 
donor liver samples were obtained from the recipient animals every 
7th day and at sacrifice. After the donor livers had been graded 
histologically as described above, the biochemical and haematologi-
cal results from recipients having identical grades of donor liver 
were grouped together. The mean value for each factor, in each 
grade, was then calculated, for both the Functional Liver Index 
and the Rejection Index, on days 7, 14, 21 and 28. These weekly 
grade mean values are tabulated in the Appendix, in Table 72 for 
the Functional Liver Index, and in Table 73 for the Rejection 
Index - pages 363-366. 
The mean pre-operative values of the 19 factors were calculated for 
the 22 recipients - these values (or levels) are included in the 
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GPA!'H 69a SERIAL MEAN CSF GLUTAMINE LEVELS FOR THE FUNCTIONAL GRADES. (Mean .:':. 1 SEM) 
PRE-OPERATIVE POST FUNCTION.~L GRADES 
NORMAL OP ~-
(N) DAY I - II - II I - IV -No No No 
I 7 14,56 .:':. 4,28 6 17,50 .:':. 6,40 6 21,58 .:':. 4,95 5 33,85 .:':. 8,27 toe 2,47 14 16,76 .:':. 1,92 5 25,57 .:':. 9,99 4 23,30 .:':. 2,20 2 29,<t6 ;: 9,29 - ---· (20) 21 16,04 .:':. 3,93 5 22,10 .:':. 8,02 3 Nil - 31,26 .:':. 6 ,39 
>--- --
28 13,70 .:':. 2,01 3 21,6 1 28,20 :'.:. 13,01 4 27,26 .:':. 5,24 
No= number of liver biopsies analysed 
TABLE 69b SERIAL MEAN CSF GLUTAMINE LEVELS FOR THE DIFFERENT GRADES. (Mean.:':. 1 SD) 
I 
POST FUNCTIONAL GRADES COMPARED 
OP 
DAY N-I N-II N-II I I N-IV I-I I I-III I-IV II-III II-IV III-IV 
7 <0,02 <0,01 <0,001 1<0,001 - <0,05 <0,005 - <0,01 <0,05 ,___ p-, - q=- ... .,~--~ 
14 ,0,001 ,o,oo')__() -j'o,001 ___ :~ _o ~ <0,025
1 
o - 0 
21 <0,D05t <0,02 L O _:0,001_[_ - __ L O -- :'._"._-~_:_J_~-- - 0 ---- ---
28 - I _o :<o,oos i<o,oos l o I - I<o,02 J o 0 -
·-____£_<_ =_ significance. -_ = no_ significant difference._ 0 = _no or insufficient data. J 
TABLE 69c THE SIGNIFICANCE OF SER!A.L CHANGES IN MEAN CSF GLU!AMINE LEVELS 
FIGURE 69 SERIAL MEAN CSF GLUTAMINE LEVELS RELATED TO THE FUNCTIONAL 








1. Mean levels ~elated to the Functional Liver Index - Time Related 
The serial mean levels of the biochemical and haematological fac-
tors, related to the Functional Liver Indices of the donor livers, 
are tabulated in Table 72 on pages 363-364 in the Appendix. Al-
though the numbers for individual grades are small, a clear pattern 
can be seen. The mean levels for CSF glutamine reveal a step-
like elevation between grades, irrespective of the postoperative 
period • No pattern of consistent, sustained elevation or depres-
. sion between mean levels is seen in any of the other 18 factors that 
were tested. 
The serial mean CSF glutamine levels related to the different 
Functional Indices (or grades) of the donor livers, are illustrated 
in Graph 69a and tabulated in Table 69b on the opposite page. The 
serial mean CSF glutamine levels of the control animals from group 
2(a) (portacaval shunts) and group 2(b) (sham laparotomies), have 
been included in Graph 69a for easy reference. The significances 
of the differences in mean levels between the grades, calculated by 
means of a Student's t-test, are summarised in Table 69c on the 
opposite page. 
A clear pattern can be seen, despite the small numbers. The reci-
pient animals with Functional Grade I donor livers (0-25% loss of 
hepatocytes), exhibited mean CSF glutamine values elevated only 
slightly (but significantly) above normal, irrespective of the 
postoperative period - see Graph 69a and Table 69c. By contrast, 
the recipient animals with grade IV donor livers (75-100% loss of 
244. 
hepatocytes) exhibited mean CSF glutamine levels elevated to almost 
three times the pre-operative normal, and elevated significantly 
above both the pre-operative normal and the serial mean levels for 
the animals with grade I livers. The mean levels related to grade 
I donor livers lie nearest to the mean levels seen in the sham-
operated control group (2(b)), while the mean levels related to 
grade IV donor livers reveal an initial elevation similar to the 
initial elevation seen in the portacaval-shunted control group (2(a)) 
- see Graph 69a. 
The mean CSF glutamine levels for the recipient animals having 
grade II and III donor livers are elevated significantly above 
normal, and fall in between the mean levels for grades I and IV -
see Graph 69a. The numbers in grades II and III were small, and 
no distinct pattern of differences emerged between the mean levels 
of grades II and III. 
This part of the study has revealed a clear relationship be-
tween the Functional Grade or Index of the donor livers, and the 
CSF glutamine levels in the recipient animals. 
2. Mean levels related to the Grade of Rejection - Time Related 
The serial mean levels of the biochemical and haematological factors, 
related to the Grades of Rejection in the donor livers, are tabu-
lated in Table 73 on pages 365-366 in the Appendix. Although the 
numbers for individual grades are small, a clear pattern can be 
seen. The mean levels for CSF glutamine reveal a step-like, signi-
ficant elevation in mean levels between normal, grade I and grade IV, 
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SERIAL MEAN CSF GLUTAMINE LEVELS FOR THE REJECTION GRADES. (Mean.:!:. 1 SEM) 
POST REJECTION GRADES 
OP ------- ---- --------- ~------
DAY I fNo II [No III -No 
I I 7 17,25 .:!:. 4,35 I 3 15,75 .:!:. 6,84 6 18,63 .:!:. 4,90 6 
-- ----~-- ------· --------14 16,30 .:!:. 1,88 4 24,52 .:!:. 10,44 4 22,80 1 
-~--..._ ____ .. - -- -- - - -- --- ---- ------ --
21 14,40 1 18,87 + 6,78 7 Nil I --
.. --- --- -- -· - ----------t----
28 16,30 1 20,23 .:!:. 11,10 3 28,40 .:!:. 12,10 I 3 
SERIAL MEAN CSF GLUTAMINE LEVELS FOR THE DIFFERENT GRADES. (Mean.:!:. 1 SD) 
REJECTION GRADES COMPARED ---- ------ T-- ----- _T ___________ ---- -------r·------- -N-II N-Ill I N-IV I I-II I I-Ill ! I-IV ! II-Ill II-IV III-IV 
, I i I 
I ' I 
! <0,001 1 I I 7 <0,005 
1 
<0,05 <0,005 - - I - I - <0,05 -------r~------ -! - ----- _I _____ - -- -: I I 
I 14 <0,001 I <0,01 -t~-- : <0,001 ! - 0 I <Q,05 ! 0 I - 0 - -~ - --- i. ------ -- ------
O j_<~_._o_o~( 0 <O,OOl_l_ ' 
I 
<O:O'i- '. -21 0 0 0 0 I ·-- -r I I I 
23 0 I <O ,05 f <O ,01 <O ,005 I 0 0 0 I - i I 
P< = significance. - = no significant difference. 0 = no or insufficient data - ------ - --- - --- --- - - -------------- --- ------











FIGURE 70 SERIAL MEAN CSF GLUTAMINE LEVELS RELATED TO THE REJECTION 








sustained elevation or depression between mean levels is seen in 
any of the other 18 factors that were tested. 
The serial mean CSF glutamine levels related to the different 
grades of rejection in the donor livers, are illustrated in Graph 
70a and tabulated in Table 70b on the opposite page. The signifi-
cances of the differences in mean levels between the grades, calcu-
lated by means of Student's t-tests are sununarised in Table 70c. 
The serial mean CSF glutarnine levels of the control animals (groups 
2(a) and 2(b)) have been included in Graph 70a for easy reference. 
A clear pattern can be seen, despite the small numbers. The reci-
pient animals with rejection grade IV livers (gross rejection) ex-
hibited mean CSF glutamine levels elevated two or three times the 
pre-operative normal. These levels were all elevated significantly 
above the pre-operative normal. The animals with rejection grade I 
donor livers, exhibited the least (but still significant) elevations 
in mean levels. 
The pattern of differences in mean CSF glutamine levels between 
recipients having grades I, II or III livers were not as distinct 
as those seen with the Functional Liver Index, but the numbers were 
small for some of the rejection grades, and the histological grading 
had been more difficult, as explained on page 185. 
246. 
DISCUSSION IN CONTEXT 
The time-related study has revealed a striking relationship 
between the histological quality of the donor livers, and 
the CSF glutamine levels in the recipient animals. Sham-
operated animals revealed serial glutamine levels basically 
within the normal range throughout the postoperative period. 
The recipient animals with the best quality donor livers 
(Functional Grade I or Rejection Grade I) exhibited small, 
but significant elevations in mean CSF glutamine levels, 
throughout the postoperative period, while the recipients 
with the poorest quality livers (Functional Grade IV or 
Rejection Grade IV) exhibited mean CSF glutamine levels 
that were elevated nearly threefold, and were elevated 
significantly above the serial mean levels seen in the 
animals with grade I livers. 
The mean CSF glutamine levels of recipients with intermedi-
ate grade livers (grade II and III), tended to lie between 
the mean levels seen with grades I and IV livers. The 
elevation in serial mean CSF glutamine levels in the con-
trol portacaval-shunted group (2(a)) was progressive and 
sixfold by day 21. 
Clear patterns of differences were not seen in any of the 
other 18 factors that were assessed in the study. CSF 
glutamine has thus been shown to be the best index of both 
functional quality and rejection in the time-related study, 
despite the small numbers. 
The relationship between CSF glutamine and the quality of 
the donor liver will be further investigated in Chapter 3, 




nrn TIME UNREIATED STUDY 
The time-related study has revealed sustained, significant differences 
in mean levels of CSF glutamine between recipients with good quality 
donor livers, and those with poor quality donor livers. 
To be of use as a clinical diagnostic index of donor liver function or 
quality, the factor used should vary rapidly and measurably with changes 
in function or quality of the donor liver. In a few animals from groups 
l(a), l(b) and 2(a) it was observed that the CSF glutamine levels changed 
markedly in 24 hours, indicating that this was a factor that could vary 
rapidly and measurably. 
The histological analysis of the donor livers revealed that the quality 
of individual livers could vary from week to week. In some donor 
livers, the quality became progressively worse, in others the quality 
was poor initially but improved with time, while some had an established 
pattern of quality by day 7. Dent (55) had previously reported spon-
taneous reversibility of the rejection pattern in porcine hepatic grafts. 
Bearing these factors in mind, a second study of the relationship be-
tween the quality of the donor livers (as judged by the Functional and 
Rejection Indices), and the levels of the biochemical and haematological 
248. 
factors in the recipients, was undertaken, with no reference to the 
postoperative period. 
METHODS USED 
1. To assess the quality of the donor livers 
All the serial donor liver biopsies were graded into 5 histologi-
cal grades for each of Function and Rejection, as described in 
Part II, Chapter 3, Section III, pages 174-176 and 183-185. 
The histological grading accorded to individual livers is detailed 
in the Appendix, Tables 40-45 on pages 319-324. The same grading 
systems were used for both the time-related and the time-unrelated 
study. 
2. To assess the relationship between donor liver quality, and the 
levels of the biochemical and haematological factors in the 
recipient animals - Time Unrelated 
A simple statistical analysis was used to investigate the relation-
ship between the histological grades of the donor livers, and the 
levels of the simultaneously-harvested biochemical and haematolo-
gical factors in the recipient animals, without reference to the 
postoperative period. 
As discussed on page 242 simultaneous CSF, blood and donor liver 
samples had been obtained from the recipient animals every 7th day 
and at sacrifice. Each serial donor liver was accorded histo-
logical grading, as described above. The biochemical and haema-
tological results from recipient animals having identical grades 
of donor liver, were grouped together, for each grade in each of 
























N I 11 
GRADE 
F == Funct<.ona.l Liver i.ndex 
R == Re;ectton. ln.dex. 
N= Pre-opera.ttve normal. 
m. N. 
HISTOGRAM 71a MEAN CSF GLUTAMINE LEVELS FOR THE TWO HISTOLOGICAL GROUPS. (Mean .:!:. l SEM) 
HISTOLOGICAL GRADES 
INDEX ~------- ·- ......--------- --.------------
- -------- r -
N -- I - II - III r,:;;;·· No No No 
Functional liver 11,00 .:!:. 2,47 20 15,39 .:!:. 3,57 19 21,08 .:!:. 8,45 14 24,30 .:!:. 9,09 ! 11 
-- ----- -- - -------t-
Rejection 11,00 .:!:. 2,47 20 16,41 .:!:. 2,93 9 19,27 .:!:. 8,93 20 21,98 .:!:. 8,80 I 10 
--- - --- . 
IV frio-
30,57 .:!:. 8,04 1S 
. - ---r···--
27,78 .:!:. 8,85 I 21 
I 
No = number of 1 i ver biopsies analysed 
TABLE 71b HEAN CSF GLUTAMINE LEVELS FOR THE DIFFERENT GRADES. (Mean .:!:. l SD) 




N-1 N-II N-!11 
<0,001 <0,00_2.L<Cl~OOl 
<0,001 <0,001 I <0,001 
GRADES 
N-Iv I-II - I-III 1 1-1v T II-I~ II-IV Tm-1v 
' I I ' 
<Cl_,O~I- ~ _<O~~~l <(),01 J <0,001 , <0,01 ' <0,05 
I . t 
<0,001 : <0,001, , <0,01 
-'--
P< = signi~i_c~~ce __ -_= no_signifi_cantdifferenc_e __ -----~=--~o_or insufficient data 
TABLE 71c THE SIGNIFICANCE OF CHANGES IN MEAN CSF GLUTAM!NE LEVELS 
FIGURE 71 MEAN CSF GLUTAMINE LEVELS RELATED TO DONOR LIVER QUALITY -
TIME UNRELATED 
tive period. The mean value for each factor for each grade, was 
then calculated, for both the Functional Liver Index, and the 
Rejection Index. The mean grade values are tabulated in the 
Appendix, Table 74 for values related to the Functional Liver In-
dex, and Table 75 for values related to the Rejection Index. 
The 22 transplant recipients in whom both serial liver biopsies 
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and serial CSF glutamine levels were available (the combined 
transplant group of Part II) were used in this part of the study, and 
the mean pre-operative values of the 19 factors were used for grade N 
or normal. 
The significances of the differences between mean levels of the grades, 
were calculated by means of Student's t-tests, and are summarised 
in Table 76 for the Functional Liver Index, and Table 77 for the 
Rejection Index. 
In addition, the mean grade values related to the Functional and 
Rejection Indices, were compared by means of Student's t-tests, 
and are summarised in Table 78 on page 371. 
RESULTS 
1. CSF Glutamine 
The mean recipient CSF glutamine levels related to both the Func-
tidnal and Rejection Grades of the donor livers, are illustrated 
and tabulated in Figure 71 on the opposite page. The significances 
of the differences in mean levels between the grades are tabulated 
in Table 71c and the comparison of the mean levels for the two 
indices in Table 78 on page 371. 
250. 
(a) Functional Liver Index 
The mean CSF glutamine levels related to the Functional Grades 
I-IV, reveal highly significant elevations above normal (or N). 
Significant differences in mean levels are seen between grades 
I and II, I and III, I and IV, II and IV and III and IV. Thus 
significant differences were present between the mean levels 
related to all the grades of donor livers with the exception 
of grades II and III. 
(b) Rejection Index 
The mean CSF glutamine levels related to the Rejection Grades 
I-IV likewise reveal highly significant elevations above nor-
mal, and there was a highly significant difference in mean 
levels between grades I and IV. The difference between grades 
II and IV was significant (p < 0,01) but there were no signifi-
cant differences between the mean levels related to the remain-
ing grades. 
(c) Interpretation 
The mean CSF glutamine levels in the recipient animals related 
accurately to the Functional Grades of the donor livers. There 
was a significant, step-like elevation between all the grades 
with the exception of grades II and III. 
The relationship of CSF glutamine to the degree of rejection 
















N I n 
GRADE 
F ~ Functlonal llver index. 
R = Rejection lnd.ex 
N== Pre-operc1.t;ve n..ormat. 
JJJ. 
h!STOGRAM 72a MEAN VENOUS AMMONIA LEVELS FOR THE TWO HISTOLOGICAL GROUPS. (Mean :':. I SEM) 
HISTOLOGICAL GRADES -- ~------·-- -- - ----- ---·-----~-
INDEX N No I [No- II ,~ III 
Functional liver 20 235,52 + 81,54 I 17 I 12 269,00 + 64,04 
N 
r,ia IV 
! 9 278,88 + 109,62 199.30 !. 39.61 239 ,66 :':. 60 ,88 
~ ----- ----------!---- - -- -- -· -- F;- -- - ---------+- ------Rejection 199,30 !. 39,61 20 235,55 !. 69,66 ! 9 235,75 :':. 76,41 




--- -T -- - __ T _______ .--- -- --,--- -·1--------
N-11 I N-III I N-IV i I-II I I-IV ! II-III Ill-IV 
Functional liver <0,05 <0,005 ; <0,01 ! - / - I - I -
f--------+------+:l-_-,;---<0---.-01·-to-.005 r--_ -----i 1--- - i----_ -Rejection 
I i 1 , 
P< • significance. - = no significant difference. 0 • no or insufficient data. '--------------- ---- ----- ---- ----- - -- - -- -------- ----------- ---- ---
TABLE 72c THE SIGNIFICANCE OF CHANGES IN MEAN VENOUS AMMONIA LEVELS 






FIGURE 72 MEAN VENOUS AMMONIA LEVELS RELATED TO DONOR LIVER QUALITY -
TIME UNRELATED 
251. 
The mean CSF glutamine levels related to each Functional Grade 
did not vary significantly from the mean levels related to the 
corresponding rejection grades, (Table 78, page 371) suggesting 
a relationship between the functional grades and the grades of 
rejection. 
2. Venous Blood Ammonia 
The mean venous ammonia levels related to the different grades of 
Function and Rejection are illustrated in Histogram 72a, and tabu-
lated in Table 72b on the opposite page. The significances of 
differences in mean levels are sunnnarised in Table 72c. 
(a) Functional Liver Index 
The mean recipient venous ammonia levels related to grades II, 
III and IV reveal elevations significantly above normal. There 
are, however, no significant differences between the mean 
levels related to grades I and IV. 
(b) Rejection Index 
The mean venous ammonia levels related to grades III and IV 
were significantly elevated above normal, but there were no 
significant differences between the mean levels related to 
grades I and IV. 
(c) Interpretation 
Although the mean venous ammonia levels of the recipient ani-
mals were elevated above normal with grades I and IV donor 
livers, for both the functional and rejection studies, there 
252. 
were no clearcut, significant differences between grades I and IV. 
Venous blood ammonia is thus not an accurate index for distin-
guishing between grades of donor liver quality, when compared 
to CSF glutamine, where there were significant differences 
between grades. The problems relating to venous arrnnonia will 
be discussed in the overall discussion on pages 261-264. 
3. Alkaline Phosphatase 
The mean alkaline phosphatase levels related to the different 
grades of function and rejection are tabulated in the Appendix, 
page 367 for the functional grades, and page 368 for the Rejection 
Index. The significances of differences in mean levels are surrnna-
rised in Tables 76 and 77, pages 369-370. 
The mean level related to functional grade I revealed a significant 
elevation above normal. The mean alkaline phosphatase levels re-
lated to all the other grades, for both the Functional Index and 
the Rejection Index, revealed no significant differences from normal, 
and no significant differences between grades. The serum alkaline 
phosphatase levels in the recipients have thus been shown to bear 
no relationship to the quality of the donor livers. 
4. S.G.O.T. 
The mean S.G.O.T. levels related to the different grades of function 
or rejection are illustrated in Histogram 73a on the following page, 
and tabulated in Table 73b. The significances of the differences 
between mean grade levels are summarised in Table 73c. Log trans-
formation was used in the calculation of the significances, as 
















F = Functwn.al LLver mdex. 
R "' Re;ectlon t.n.dex.. 
N = Pre-operatt·ve normal. 
HISTOGRAM 73a MEAN S.G.O.T. LEVELS FOR THE TWO HISTOLOGICAL GROUPS. (Mean.!. 1 SEH) 
HISTOLOGICAL GRADES 
INDEX N ~ I - II ~ Ill No 
I 
91,92 + 66,36 \ 14 Functional l 1Yer 39,54 .!. 14,13 I 22 112,36 .!. 75,22 19 50,90 .!_34 ,59 
- I 
39,54 + 14,13 l 22 --r-Rejection 111,11 + 67,36 9 101,so + ao,o, 1 20 73,20 + 42,21 
TABLE 73b HEAN S.G.O.T. LEVELS FOR THE DIFFERENT GRADES. (Mean.!_ l SD) 
HISTOLOGICAi. GRADES 
INDEX I N-II l II-III l II-IV I l I-IV I II-Ill l Ill-IV 11-l ! !-II I I 
Function1l liver 
. i - I - I - I <0,02 ; <O ,02 : -<0,001 ! <0 ,001 , l ----+-~--~--.!.-
Rejection 
I I I - I - I <0,001 i - i <0,025 <0,001 I <0,001 i <o,oos i 
I P< • , 1 gn1f1cance. - • no significant difference. 0 • no or insufficient data. 
---·-·-· 
TABLE 73c THE SIGNIFICANCE OF CHANGES IN HEAN S.G.0. T. LEVELS 
- IV No 
11 85,27 .!_139, 28. 
10 45,23 + 23,72 







(a) Functional Liver Index 
A highly significant elevation above normal is seen in mean 
levels related to grades I and II while those related to 
grades III and IV do not show elevations significantly dif-
ferent from normal. 
(b) Rejection Index 
The mean levels related to grades I, II and III are elevated 
significantly above normal. However, the mean levels related 
to grades III and IV are significantly lower than the mean 
levels related to grade I. 
(c) Interpretation 
The mean S.G.O.T. levels do not relate well to donor liver 
quality for practical purposes. The animals with grade IV 
donor livers (severe rejection and/or severe hepatocyte loss) 
reveal mean levels which are not significantly different to 
the mean pre-operative levels, while those with the best 
quality donor livers (gradeI), reveal the highest mean S.G.O.T. 
levels. The peaks in S.G.O.T. levels in the grade IV livers 
may have been missed, as the comparative analysis was carried 
out at 7 day intervals. S.G.O.T. could thus be misleading in 
the case of a patient who comes in from home some time after 
liver transplant, and in whom one wishes to assess donor liver 
function at that moment in time. 
5. Serum Cholesterol 
The mean cholesterol levels related to the different grades of 
























N I II. 
GRADE 
F = Functtonal ll ver Lndex 
R= Rejectlon index 
N-- Pre-operat~ve normal. 
ll1 
HISTOGRAM 74a MEAN CHOLESTEROL LEVELS FOR THE TWO HISTOLOGICAL GROUPS. (Mean.!. 1 SEM) 
HISTOLOGICAL GR.~DES 
INDEX 
N - I - II - III No No No 
Functional liver 89,82 + 23,38 17 71,22 .!. 32,02 18 83,14 + 41, 15 14 58,88 .!. 33,44 
Rejection 89, 82 .!. 23, 38 I 17 77,11.!_35,48 9 72,94.!_37,78 19 66,75 .!. 39,93 
TABLE 74b HEAN CHOLESTEROL LEVELS FOR THE DIFFERENT GRADES. (Mean .!. l SO) 
GRADES 
HISTOLOGICAL 
I 11-IIlllll-IV INDEX N-I N-II ! N-lllT N-IV I 1-11 I-IV I 
I ' I I Functional liver - - -+ <0,02 __ I <0,005 ,, - -~ - I - -------~- --- r--------
Rejection i / <0,01 I - L_ -- - - I -
P< • significance. - = no significant difference. a = no or insufficient data. 
------- -- -- .. - .. - - - -· --· -~ 
TABLE 74c THE SIGNIFICANCE OF CHANGES IN MEAN CHOLESTEROL LEVELS 
N. 
- IV No 
9 62,12 .!. 28,93 
8 64,47 .!. 29, 83 






lated in Table 74b on the opposite page. 
(a) Functional Liver Index 
The mean levels related to the functional grades III and IV 
were depressed significantly below normal, but there were no 
significant differences between mean levels related to grades 
I to IV. 
(b) Rejection Index 
254. 
The mean levels related to the rejection grades revealed no 
significant changes except for an isolated significant depres-
sion of the mean level related to grade IV donor livers. 
(c) Interpretation 
There were no significant differences between the mean serum 
cholesterol levels related to grades I and IV for either the 
Functional Index, or the Rejection Index, and cholesterol is 
thus not a sensitive factor for assessing the quality of the 
donor livers. The depression of the mean levels to below 
normal in the animals with grade IV donor liver biopsies, 
parallels the depression seen in the portacaval-shunted group 
2(a), and the mean levels are significantly lower than the mean 
levels seen in the sham operated group 2(b). These depressed 
mean cholesterol levels may reflect the effects of either a 
dietary insufficiency, or an effective portosystemic shunt, 
as discussed by Hickman (91). The serum cholesterol is thus 
not an accurate index of donor liver quality. 
255. 
6. Total Protein, Albumin and Globulin 
The mean levels related to the Functional Grades are tabulated in 
the Appendix, page 367, and those related to the Rejection Grades on 
page 368. The significances of differences in the mean levels 
between the grades are summarised in Tables 76 and 77 on pages 369-370 
respectively. 
There were no sustained, significant differences in mean levels 
between grades in either the Functional or Rejection study, and these 
three factors appear to be of no value as an index of donor liver 
quality in the transplant model under discussion. 
7. Haemoglobin 
The mean haemoglobin levels related to the grades of function and 
rejection are tabulated in the Appendix, pages 367-368, 
and the significances of the differences in mean levels summarised 
on pages 369 and 370. 
The mean haemoglobin levels were depressed significantly below 
normal for donor liver grades I - IV in both the functional and 
rejection studies. There were, however, no significant differences 
between the mean levels related to grades I - IV. Other factors, 
already discussed in Part II, may have been responsible for the 
anaemia seen in the transplanted animals, and the haemoglobin levels 
do not relate to the donor liver quality. 
256. 
8. Leucocyte Count 
The mean leucocyte count levels related to the different grades are 
tabulated in the Appendix, pages 367-368 and the significances of 
the differences in mean levels are summarised on pages 369-370. 
For both the functional and rejection study, the mean levels related 
to donor liver grades I - IV were significantly elevated above normal, 
but there were no significant differences between the mean levels 
related to grades I - IV. Leucocytosis was also seen in the con-
trol animals, and other factors may have been responsible for the 
leucocytosis, as discussed in Part II. The leucocyte count has been 
shown to bear no relationship to donor liver quality. 
9. Platelet Count 
The mean platelet count levels, tabulated in the Appendix, pages 367-
368, revealed large standard deviations, and an accurate statistical 
analysis could not be performed (as discussed on page 217). It 
can be seen, however, that the mean values do not differ greatly 
from normal for any of the grades, and there is no consistent pat-
tern of changes between grades. Thus the platelet count proved to 
be of no diagnostic value for either the functional or rejection study. 
The lack of platelet change in rejection in liver transplantation 
has previously been reported (96). 
10. Differential White Cell Count 
The mean percentage levels for neutrophils, lymphocytes, eosino-
phils, basophils and monocytes related to the donor liver grades, 
are tabulated in the Appendix, on page 367 for the functional grades, 
and page 368 for the rejection grades. The significances of 
differences in mean levels between grades are summarised on pages 369-370. 
257. 
There were no significant, sustained patterns of changes in the 
mean percentage levels for any of the cell types. The elevation 
in mean neutrophil levels and decrease in mean percentage monocyte 
levels in the animals with functional grade Ill livers has no 
practical diagnostic application. 
The differential white cell count has thus been shown to be of no 
value in assessing either the functional or rejection quality of 
the donor livers. 
11. Acid-Base Status 
The mean pH, pC02 and standard bicarbonate levels related to the 
different grades are tabulated in the Appendix, pages 367-368, 
and the significances of differences between mean levels are sum-
marised on pages 369-370. 
There was no consistent, sustained pattern of changes between grades 
for either the functional or rejection analysis. The animals with 
grade IV livers exhibited metabolic acidosis, but the factors were 
not of value in distinguishing between grades. The acid-base 
status has been shown to be of no value in assessing either the 
functional or rejection quality of the donor livers. 
DISCUSSION IN CONTEXT 
The time-unrelated study of the relationship between the 
histological quality of the donor livers, (both on the 
basis of functional quality and degree of rejection) and 
the changes that occurred in the various biochemical and 
haematological factors in the recipients, has revealed 
that of the 19 factors assessed, only 1, CSF glutamine, 
showed a close relations~ip to the grades of donor liver 
quality, in the present experimental model. Changes were 
seen in some of the other factors, but these were either 
sporadic, explicable on the basis of other causes, or 
misleading. 
In conclusion, CSF glutamine has been shown to be the only 
factor to relate accurately to the quality of the donor 
liver, in both the time-related and time-unrelated studies. 
258. 
259. 
P A R T III 
C H A P T E R 4 
OVERALL DISCUSSION AND CONCLUSIONS 
260F. 
0 = C - OH 0 = C - OH 
I I 
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GLUTAMIC ACID GLUTAMINE 
FIGURE 75 BIOSYNTHESIS OF GLUTAMINE IN THE BRAIN (26) 
PART III 
CHAPTER 4 
OVERALL DISCUSSION AND CONCLUSIONS 
OVERALL DISCUSSION 
A detailed study has been performed to determine the rela-
tionship between donor liver quality, and the biochemical 
and haematological changes that occurred in the recipient 
animals, in a series of fully-portalised heterotopic por-
cine allografts. The relationship was investigated on 
both a time-related and a time-unrelated basis. Both 
studies revealed that CSF glutamine was the only factor, 
out of the 19 tested, which related accurately to the qual-
ity of the donor liver. The recipient livers of the 22 
animals used in this study were shown to be essentially 
normal in Part II of this presentation. 
CSF glutamine levels are used clinically in the differen-
tial diagnosis of the hepatic coma (93, 154), and the 
levels have been shown to relate well to the degree of 
hepatic encephalopathy (93). The glutamine levels are 
not elevated in non-hepatic causes of coma (29, 73, 93, 
194, 219). In 1955 Bessman and Bessman (26) proposed a 
theory on the pathogenesis of hepatic encephalopathy. 
They suggested that in severe liver disease, inadequate 
hepatic disposal of ammonia causes excessive ammonia to 
pass into the central nervous system. In the central ner-
vous system the ammonia undergoes the reactions depicted 
in Figure 75 on the opposite page. One molecule of 
260. 
aIIDI10nia combines with alpha-ketoglutarate to form glutamic 
acid, which then combines with another molecule of annnonia 
to form glutamine. The end result of these reactions is 
the consumption of some ATP, and the depletion of alpha-
ketoglutarate, leading to reduced activity of the Krebs 
cycle, and coma. Glutamine is readily diffusible into 
the CSF (74), making estimations practicable. The gene-
sis of changes in CSF glutamine have been reviewed by 
Hourani (93), Lund (118) and Williams (220), and the ori-
ginal theory of Bessman has been challenged, but not dis-
proved. 
261. 
Williams (220) has shown a good correlation between the 
level of the plasma ammonium ion and the glutamine levels 
in the brain of rats following end-to-side portacaval 
shunts. Hickman (87) reported a significant correlation 
between CSF glutamine and the arterial ammonia levels in 
pigs following end-to-side portacaval shunts. The origin 
and metabolism of blood ammonia have been reviewed by 
Breen (30), Gips (74), Lund (118), Stahl (177) and Zimmer-
man (229). The main source of blood ammonia appears to be 
from the gastrointestinal tract, where bacterial degrada-
tion of ingested protein, and circulating urea, releases 
the ammonium ion, which is readily diffusible into portal 
blood. The portal blood has a high concentration of 
ammonia (118). In the presence of a normal liver, the 
portal blood is almost completely cleared of ammonia, 
mainly by the synthesis of ammonia into urea (62, 118). 
In the presence of a portosystemic shunt, the portal blood 
bypasses the liver, and the heart receives venous blood 
with a high ammonia concentration, with resultant higher 
levels emerging on the arterial side, and with resultant 
higher ammonia concentrations in the arterial blood 
262F. 
l-lepat LC veLn ---+---,-
Donor Hepat;c --+--
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supplying the brain. The brain glutam.ine rises, and con-
sequently the CSF glutamine. The systemic venous blood 
ammonia also rises, but not necessarily in proportion to 
the increase in arterial ammonia, as the muscles and kid-
neys can add or extract ammonia. This makes venous blood 
ammonia values less reliable in the assessment ·of liver 
function than the arterial values {Stahl, 177). 
The mechanisms wnereby blood ammonia is elevated in liver 
diseases, have been well reviewed by Stahl (177). Three 
mechanisms have been postulated. Firstly, there may be 
the formation of substantial collateral portosystemic 
channels, with much of the portal blood bypassing the 
liver, and creating a situation analogous to a direct 
portacaval shunt. Secondly, there may be the formation 
of rich anastomoses between branches of the portal and 
hepatic veins within the liver, deflecting a certain amount 
of ammonia-rich portal blood away from the liver cells, and 
thus creating anatomical transhepatic shunting. Thirdly, 
diseased liver cells may not be able to function adequate-
ly to cope with the anunonia load, thus creating a function-
al transhepatic portosystemic shunt. The relative impor-
tance of each of these mechanisms in the elevation of 
blood ammonia in liver disease is controversial (177), 
and remains to be fully elucidated. 
The clear relationship that has been demonstrated between 
the histological quality of the donor livers, and the CSF 
glutamine levels of the recipient animals in the present 
series, can be explained on the basis of the principles 
involved in the foregoing discussion. 
The technique used in the heterotopic transplant model 
under discussion, simply interposes an arterialised donor 
liver across a portacaval shunt, as illustrated in the 
diagram on the opposite page. The least elevation in 
262. 
CSF glutamine was seen in the recipient animals in whom 
the donor livers revealed the lowest grade of rejection 
and structural damage. It appears reasonable to assume 
that the good quality donor livers were functioning ade-
quately to clear the atmnonia from the portal blood, and 
that there was minimal or no perihepatic or transhepatic 
shunting of ammonia-rich blood. Conversely, the grossly 
elevated CSF glutamine and venous ammonia levels seen in 
the recipient animals with gross rejection and hepatocel-
lular destruction (grade IV) of the donor livers, reveal 
that the portal blood was incompletely cleared of ammonia. 
One or all three of the mechanisms described may have been 
responsible, but the relative importance of each mechanism 
cannot be deduced from the present study. No flow studies 
could be performed (45, 88) and transhepatic sampling as 
described by Hickman (90) was not carried out. No gross 
portosystemic collaterals were detected, but this does 
not exclude multiple small perihepatic channels. 
Nevertheless, a clear relationship has been demonstrated 
between the histological indices of the donor livers, and 
the CSF glutamine. This was the only factor that re-
lated well to grades of liver quality, whatever the actual 
mechanism might have been. 
The use of CSF glutamine as an index of donor liver qua-
lity in this model, has several advantages. The fluid is 
readily obtained, and the estimation was found to be quick, 
reliable,and the results readily reproducible. CSP glu-
tamine elevation appears specific for hepatic dysfunction, 
and was the most reliable of the 19 factors tested in this 
experimental work. In the clinical context, there may be 
several disadvantages to its use. Repeated lumbar punc-
tures for management purposes are uncomfortable for the 
263. 
patient, and have the potential complications of cord 
damage, bleeding in the face of possible coagulation 
defects, and the danger of introducing infective organ-
isms into the CSF of the immunosuppressed patients. 
264. 
The exact relationship between donor hepatic venous blood 
ammonia, arterial annnonia, CSF glutamine, and donor liver 
quality in this model, needs to be investigated. Should 
arterial ammonia prove to be as reliable an index of donor 
Jiver quality as CSF glutamine, one would have a test in 
which the sampling is simple and safe, and which can be done 
frequently. The accuracy of blood anunonia estimations, 
however, leaves a lot to be desired (83) but this is a 
challenge to be met by the biochemists. 
CONCLUSIONS 
The third major objective in this experimental study, was 
to assess the value of CSF glutamine as an index of donor 
liver quality in the fully-portalised heterotopic porcine 
liver transplant model described in Part II, Chapter 2, 
and to compare its value against other biochemical and hae-
matological factors, outlined on page 197F. 
The CSF glutamine levels have been shown to be an accurate, 
reliable index of donor liver quality in this experimental 
model. None of the other 18 factors - tested revealed the 
same reliable, consistent relationship to the quality of 
the donor liver. 
The destruction of hepatocytes in the donor livers was shown 
to be due to rejection, and the CSF glutamine in this series 
was thus a useful index of rejection. 
The principles underlying the relationship between the 
quality of the donor livers and the CSF glutamine levels, 
have been presented, and shown to be analogous to the 
principles involved in the changes in CSF glutamine seen 
in acute liver failure. 
The disadvantages of the use of CSP glutamine as a clinical 
diagnostic tool in immunosuppressed recipients have been 
mentioned, and further studies of the relationship between 
donor hepatic venous a111l\onia, arterial anunonia, CSF gluta-





1. ABBREVIATED CASE HISTORIES OF THE ANIMALS* 
2. HISTOLOGICAL ANALYSES OF THE LIVERS* 
3. ANALYSIS OF THE TIME TAKEN TO PERFORM THE DIFFERENT 
STAGES OF THE OPERATIONS* •• 
4. DETAILS OF THE BIOCHEMICAL, HAEMATOLOGICAL 
AND STATISTICAL METHODS USED* 
5. STATISTICAL ANALYSIS OF THE SERIAL CHANGES IN THE 
BIOCHEMICAL AND HAEMATOLOGICAL FACTORS IN THE FOUR 
GROUPS - RELEVANT TO PART II* 
6. STATISTICAL ANALYSIS OF THE CHANGES IN MEAN 
BIOCHEMICAL AND HAEMATOLOGICAL VALUES RELATED TO 
THE HISTOLOGICAL QUALITY OF THE DONOR LIVERS -
RELEVANT TO PART III* 








A P P E N D I X J 
ABBREVIATED · CASE · ·HISTORIES · OF · THE · ·ANIMALS 
l. LOCATION: 
(l) Group l(a) - Heterotopic allograft plus cholecystochole-
cystostomy (Pigs no. 1-14) •• 
(2) Group 1 (b) - Heterotopic allograft plus cholecystojejuno-
268 
269 
cholecystostomy (Pigs no. 15-28) 283 
(3) Group 2(a) - End-to-side portacaval shunt 
(Pigs no. 29-42) 
(4) Group 2(b) - Sham laparotomy 
(Pigs no. 43-47) 




= No abnormality detected 
= Not recorded 
= Excellent 
= (a) Nil of note - in the clinical details 
297 
311 
(b) No anastomosis performed - in the pathology 
(c) No or insufficient data - in the Biochemistry 
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A P P E N D I X 2 
HISTOLOGICAL ANALYSES OF THE LIVERS 
IDENTIFICATION OF HISTOLOGICAL MATERIAL 
The numbers allocated to the pigs in the operative laboratory 
differed from the numbers used in the histology laboratory and 
in the text. The operative, text and histology numbers of the 
animals from the present series are detailed in Table 39, page 317. 
The identification of the liver histology from the previous two 
series (Dent and Iumelman), is detailed at the foot of Table 39. 
ANALYSES OF LIVER HISTOLOGY 
1. The criteria, methods and symbols used in the analyses are 
explained in the text: 
(1) Assessment of the degree of Cholestasis and Cholangitis 
pages 162-165. 
(2) Assessment of the Functional Liver Index - pages 174-176. 
(3) Assessment of the Degree of Rejection - pages 183-185. 
2. The results of the analyses are detailed: 
(1) Present Series: 
(a) Groups l(a) and l(b) - Tables 40-43 pages 319-322 
(b) Group 2(a) - Table , 44 - page 323 
(c) Group 2(b) - Table 45 - page 324 
(2) Previous Series: 
(a) Groups 3(a) and 3(b) (Dent) -Table 46 - page 325 
(b) Groups 4(a), 4(b) and 4(c) 
(Immelman) -Table 47 -page 326 
TRI ASSESSMENT OF LIVER CELL SIZE IN GROUPS 2(a) and 2(b) page 327 
ANIMAL flJMBERS HISTOLOGY NUMBERS 
Script Laboratory D~ 
No No Op 7 14 21 
1 JH 4/5 84/73 - t t 
2 JH Bl 190/73 - - -
3 JH 100 218/73 - - -
4 106 269/73 - - 314/73 
5 110 281/73 - t t 
6 149 455/73 471/73 t t 
7 162 525/73 5'36/73 556/73 576/73 
8 166 557/73 578/73 602/73 622/73 
9 167 565/73 580/73 604/73 624/73 
10 168 568/73 586/73 t t 
11 169 569/73 594/73 t t 
12 170 572/73 599/73 616/73 632/73 
13 171 577/73 601/73 621/73 637 /73 
14 172 582/73 603/73 625/73 639/73 
15 105 251/73 - - t 
16 114 305/73 320/73 337/73 t 
17 124 338/73 - '369/73 393/73 
18 1'36 394/73 409/73 432/73 t 
19 137 405/73 414/73 435/73 456/73 
20 138 404/73 425/73 437/73 458/73 
21 141 415/73 4'36/73 t t 
22 143 424/73 440/73 461/73 476/73 
23 144 433/73 449/73 463/73 t 
24 145 434/73 457/73 470/73 497/73 
25 148 450/73 464/73 494/73 517/73 
26 152 465/73 492/73 518/73 532/73 
27 154 475/73 496/73 t t 
28 155 477/73 505/73 524/73 535/73 
I 29 108 279/73 - - -
l) 109 278/73 - - -
31 113 294/73 - - -
32 115 306/73 - - -
33 116 307/73 - - -
TABLE 39 IDENTIFICATION OF THE HISTOLOGICAL MATERIAL 

















657 /73 28 
659/73 28 
282/73 15 


















ANIMAL NUMBERS HISTOLOGY NU1t3ERS 
Script Laboratory Do.vs 
No No op 7 14 21 Autopsy 
34 121 332/73 - - - 398/73 
35 122 333/73 - - t 364/73 
36 123 334/73 - - 381/73 385/73 
37 126 340/73 - t t 377/73 
38 127 341/73 - - 400/73 423/73 
39 128 343/73 - 382/73 403/73 427/73 
40 129 344/73 - 383/73 402/73 426/73 
41 130 360/73 384/73 401/73 t -
42 132 375/73 399/73 t t 399/73 
43 156 491/73 506/73 526/73 539/73 540/73 
44 157 490/73 507/73 527/73 541/73 562/73 
45 158 489/73 508/73 528/73 542/73 564/73 
46 159 488/73 509/73 529/73 543/73 563/73 
47 160 487/73 510/73 530/73 544/73 561/73 
- =Noor inadequate biopsy material. t = Animal dead. 
DENT'S SERIES I,..ELMAN'S SERIES 
ANIMAL NUMBERS ANIMAL NUMBERS 
Script Laboratory Script Laboratory Script Laboratory 
No No No No No No 
01 WO 011 45b Hl K2 
02 C 012 47b H2 7J 
03 s 013 48b HJ 94J 
04 513 014 67b H4 44M 
05 49a 015 63b HS 27J 
06 55a 016 61b H6 991 
07 74a 017 59b H7 K83 
08 89a 018 99b HS K71 
09 91a 019 96b H9 42M 
010 94a 020 100b 
TABLE 39 IDENTIFICATION OF THE HISTOLOGICAL MATERIAL 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THE ESTIMATION OF LIVER CELL SIZES 
During the course of the experimental study, it was noted that: 
(1) The livers of the portacaval-shunted animals at autopsy, were lighter 
in weight than the estimated weight at initial operation, and lighter 
than the predicted weight at autopsy - see pages 157-158. 
(2) The liver cell sizes appeared to be smaller 28 days after portacaval 
shunt, compared to the corresponding biopsies at initial operation, 
and smaller than the cells seen 28 days after sham laparotomy. 
The question arose as to whether the loss in liver weight was due to loss 
of cell size, a decrease in the number of hepatocytes, or a combination 
of the two. A study was undertaken to try to assess the relationships 
between liver cell size and liver weight. 
METHOD 
The method used was similar to that alluded to by Starzl (185). 
1. Liver biopsies had been obtained from both the portacaval-shunted 
(group 2(a)), and sham laparotomy (group 2(b)) animals at initial 
operation and at autopsy. The biopsies had been fixed in formol 
saline and embedded in Paraplast as discussed on page 161. Thin 
sections (2-4µ) were cut, and stained with Haematoxylin and Eosin. 
2. The outlines of 50 hepatocytes, selected at random, were drawn onto 
standard thickness paper, using a light microscope with a drawing 
tube attachment (Sankei). An oil emersion lens was used for maxi-
mum magnification. Fifty cell outlines were drawn for each pre-
and postoperative liver biopsy specimen, by each of 2 independent 
observers. Forty randomly-selected cell outlines were cut out of 
each sheet of paper and weighed on a chemical balance by a third 
observer. The change in weight between the 40 pre-operative "cells" 
and the 40 postoperative "cells" was taken as representative of the 
change in liver cell size. 
328F. 
LIVER CELL OUTLINE WEIGHTS AT AUTOPSY,.( 
Observer 1 Observer 2 
Mean SD No Mean SD No 
Group 2(b) 103,06 + 16,95 3 119,90 .:!:. 5,23 3 
Group 2( a) 77,12 ±_ 18,89 5 79,32 + 18,83 5 
Significance p = < 0,05 p = < 0 ,01 
·k Expressed as a percentage compared to the weight at 
initial operation 
TABLE 48 THE SIGNIFICANCE OF THE DIFFERENCES IN MEAN 
"LIVER CELL" WEIGHTS AT AUTOPSY 
Group 2(b) - Sham laparotomy 
Group 2{a) - End-to-side portacaval shunt 
The animals were all sacrificed at 28 days and liver 
biopsy taken inmediately after death._ 
328. 
RESULTS 
l. The "liver cells"for the livers from group 2(a} showed a significant 
loas in mean weigh~ at autopsy, cooipared to the mean pre-operative 
weight (p< 0,001}. The "liver cells" from the group 2(b) animals 
showed no significant change in mean weights. 
2. On comparing the mean "liver cell" weights in groups 2(a) and 2(b) 
at autopsy, significant differences were recorded by both observers -
see Table 48 opposite. The numbers are, however, too small to be 
of real statistical value. 
DISCUSSION 
The liver cell walls were often extremely difficult to 
demarcate. This prevented true randomisation in dr~wing 
the cell outlines, as the observers had to select cells with 
clear o~tlines. Polarising light and phase contrast micros-
copy provided no advantage over ordinary light microscopy, 
while the use of diastase-digested cells did not improve re-
solution. Attempts to find a cell wall stain suitable for 
the material available, were fruitless. 
The cell outlines obtained with this method were small 
(l-1,5 ems. in diameter) and the margin of error in draw-
ing and cutting out such small outlines appeared ' significant • 
. Attempts to obtain larger outlines by projection of the 
specimen onto a screen failed on account of the poor resolu-
tion which was obtained. 
The changes and differences in "liver cell" weights were 
statistically significant, but the method was considered 
too inaccurate to provide meaningful results, as mentioned 





A P P E N D I X 3 
ANALYSIS OF THE TIME TAKEN TO PERFORM THE 
DIFFERENT STAGES OF THE OPERATIONS 
Group l(a) - Heterotopic Allograft plus 
cholecystocholecystostomy . . . . Table 
Group l(b) - Heterotopic Allograft plus 
cholecystojejunocholecystostomy .. Table 
Comparison between Groups 1 (a) and 
l(b) •• . . . . • • Table 
Control Groups: 
(1) 2(a) - End-to-side Portacaval 
Shunt .. . . • • Table 
(2) 2(b) - Sham Laparotany .. Table 
329 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































l(a) l(b) .,- ,0 VI U 
DONOR OPERATION Mean+ 1 SD No Mean+ 1 SD No 
Preparation 52, 28 .!. 11, 91 14 43,83 .!. 7,00 12 <0,05 
Exsanguination and hepatectomy 15,78 .!. 5,53 14 14,46 .!. 2,46 13 -
Total donor anaesthetic time 118, 07 .!. 22, 49 14 112,69 .!. 14,09 13 -
RECIPIENT OPERATION 
Preparation 43,15 .!. 10,12 13 43, 76 :!:. 8,99 13 -
Full implantation 63,45 :!:. 10,43 11 89,07 :!:. 7,37 13 < 0, 001 
Closure 22,09 .!. 6,84 11 16,46 .!. 5,58 13 <0,05 
Total recipient operative time 123,30 .!. 14,48 13 149,30 .!. 13,16 13 < 0,001 
Porto-systemic bypass time 10,00 .!. 4,29 13 12,07 .!. 2,84 13 -
Implantation to full revascularisation 43, 71 .!. 8,14 14 45, 30 :!:. 4,00 13 -
Cholecysto-cholecystostomy 11,18 .!. 3,37 11 -
Cholecysto-jejuno-cholecystostomy - 34,23 .!. 8, 11 13 < 0,001 
and jejuno-jejunostomy 
DONOR LIVER INSULT 
Cold ischaemic time 23,00 .!. 8,28 14 21,07 .!. 5,74 13 -
Wann ischaemic time 25,50 .!. 5,69 14 26,07 :!:. 3,89 13 -
Period to full revascularisation 64,50 :!:. 13,58 14 63,00 .!. 6,86 13 -
TOTAL ANAESTHETIC TIMES 
Donor animal 118,07 .!. 22,49 14 112,69 :!:. 14,09 13 -
Recipient animal 171, 71 :!:. 28,67 14 184,30 :!:. 11,38 13 -
VASOJLAR ANASTOMOTIC TIMES 
Cavo-caval 13,57 :!:. 3,65 14 14,15 .!. 2,90 13 -
Porto-portal 9,50 + 4,06 14 10,92 .!. 2,64 13 -
Aorto-aortic 10,78 .!. 3,21 14 11, 92 .!. 1,85 13 -
ADDITIONAL PROCEDURES 
Gastro-duodenostomy 14,83 .!. 2,73 6 NR I 1 0 I 
TABLE 51 COMPARISON OF THE TWO TRANSPLANT TECHNIQUES - TIME {MINUTES) 
GROUP 2(a) . 
Total Portal Total 
Pig No Occlusion Time Anaesthetic Time 
(Minutes) (Minutes) 
29 12 65 
30 12 50 
31 15 
32 14 70 
33 11 
34· 10 so 
35 12 . 
36 7 56 
37 11 
38 14 63 
39 12 
40 10 45 
41 11 80 
42 14 85 
Average 11,78 62,66 
GROUP 2(b} 
Total Portal Total 
Pig No Occlusion Time Anaesthetic Time 
(Minutes) (Minutes) 
43 12 70 
44 12 60 
45 11 67 
46 12 60 
47 12 75 
Average 11,8 66,4 





APPENDIX OF METHODS 
1. BIOCHEMICAL 335 
2. HAEMATOLOGICAL 339 
3. STATISTICAL 340 
335. 
BIOCHEMICAL ESTIMATIONS 
The estimations were all performed in the biochemical research laborator-
ies of the Department of Surgery, University of Cape Town. The author 
frequently submitted duplicated specimens, unknown to the laboratory 
staff, as an additional control on the routine laboratory control of 
techniques. 
1. Cerebrospinal Fluid Glutamine 
CSF glutamine estimations were performed by the hot acid hydrolysis 
method of Whitehead and Whittaker (219). 
In view of the importance of CSF glutamine in this experimental 
project, the accuracy and precision of the estimations was checked 
in a number of ways. A number of duplicate samples were submitted, 
under code names, to the laboratory at different intervals during 
the project - with results varying by less than 10% in all cases. 
Duplicate samples were deep~frozen and submitted for estimation at 
a later date - the results did not differ materially from the 
original. Whenever CSF was sampled, it was noted whether the fluid 
was clear or bloodstained - there was no appreciable difference in 
the pre-operative levels between samples which were clear or blood-
stained. 
Finally, amino-acid chromatographic estimations were performed on a 
number of randan duplicate CSF samples, using the method described 
by de Wet (56). The amino-acid chromatography was performed in 
the Department of Chemical Pathology by Mr. P. de Wet (Dip. Med. 
Tech. (Chem. Path.)), under the direction of Professor M. Berman. 
336. 
The comparative results of the glutamine estimations are listed in 
Table 53 below. 
.CSF GLUTAMINE LEVELS 
Sample 
No Amino-acid Hot acid 
Chromatography Hydrolysis 
1 9,2mg/100ml 10 ,9mg/100ml 
2 9,7mg/100ml 10,9mg/100ml 
3 29,2mg/100ml ·26,4mg/100ml 
4 36,9mg/100ml 48 , 5mg/ 100m 1 
5 46,9mg/100ml 45,4mg/100ml 
TABLE 53 COMPARISON OF THE RESULTS FROM TWO METHODS 
OF CSF GLUTAMINE ESTIMATION 
In addition, the chromatographs revealed that glutamine was the 
only amino-acid which peaked in the three samples of cerebrospinal 
fluid with elevated ·glutamine levels. 
All the animals had been starved of food for 24 hours prior to 
sampling of CSF and blood, thus creating standard conditions. To 
eliminate the effect of diet, CSF glutamine estimations were per-
formed on 6 stock pigs in a separate control study. The CSF was 
taken after the pigs had had free access to food and water for 36 
hours, and then a few days later, after 24 hours starvation. The 
glutamine levels ranged from 9,0 - 11,3mg/100ml, and it was con-
cluded that starvation did not affect the levels in the normal pigs. 
337. 
In 30 animals, blood taken suiiultaneously with the CSF, was sub-
mitted for blood urea determinations as described by Chaney and 
Marbach (40}. The urea was elevated in only l of the 30 specimens 
submitted. 
The author is satisfied that the method .and technique used in the 
CSF glutamine estimations was accurate and reliable. 
2. Blood Ammonia 
Plasma aumonia was measured using a combination of the methods of 
Kaplan (102}, and Chaney and Marbach (40}. Under anaerobic con-
ditions, the blood samples were added to equal volmnes of 15% 
trichloro-acetic acid for protein precipitation. After centrifu-
gation, 0,5 ml supernatant was mixed with 0,5 ml phenol/sodium 
nitroprusside reagent, and 1,0 ml alkaline hypochlorite. (The 
camnercial bleach, Nomisol, was found to contain the correct con-
centration of hypochlorite}. Following a ten minute incubation 
o· period in a water-bath at 37 C, the absorbance was read spectro-
photometrically at 625µ. 
standard curve. 
Final calculation was made from a 
3. Alkaline Phosphatase 
Alkaline phosphatase determinations were performed using phenol-
phthalein monophosphate as the substrate (Babson (16}}, the method 
being modified for use on a Technicon Auto-Analyser. 
were expressed as Shinowara-Jones-Reinhart units. 
4. Serum Glutamic Oxaloacetic Transaminase (SGOT) 
The results 
The SGOT assays were performed according to the method of Karmen (103). 
338. 
5. Serum Cholesterol 
.Cholesterol estimations utilised the Liebermann-Burchard reaction 
(Pearson (142)). 
6. Serum Proteins 
Total protein and albumin were measured by the biuret method before 
and after precipitation with sodium sulphite, and the globulin 
calculated (Wolfson (227)). 
7. Acid-Base Determinations 
The Astrup estimations were made on a Radiometer apparatus with 
derivation of the partial pressure of carbon dioxide, the bicarb-
onate and the base excess from samples equilibrated with known 
concentrations of carbon dioxide (4% and 8%) using the Siggaard-
Anderson nomogram (167). 
339. 
HAEMATOLOGICAL INVESTIGATIONS 
These estimations were all performed in the routine diagnostic labora-
tories of the Department of Haematology, Groote Schuur Hospital. 
Coded duplicate samples were submitted at intervals as a personal check 
on the accuracy and precision of the laboratory, and the author was sat-
isfied that there were no significant discrepancies in the results. 
The blood samples were placed into sequestrine tubes, and delivered to 
the laboratory within 2 hours of being taken. 
1. Haemoglobin and white cell counts 
Haemoglobin and total leucocyte counts were performed on a Coulter 
counter. (Coulter Counter - Model S - Coulter Electronics -
Hialeah, Florida). 
2. Platelet counts 
The platelet counts were performed using a Thrombocounter. 
(Thrombocounter - C, Coulter Electronics, Dunstable). Each plate-
let count obtained from the thrombocounter was checked by means of 
a smear estimation, and in a nmnber of cases, platelet-clmnping had 
resulted in incorrect counts on the thrombocounter. 
3. Differential white cell count and blood smear report 
The blood smears were stained with May-Grunwald-Giemsa stains, and 
examined under light microscopy. With only a few exceptions, the 
differential counts and smear reports were all performed by the 
same technologist - Miss H.A. Clark (Dip. Med. Tech. (Haem.)), 
senior technologist in the Department of Haematology. 
STATISTICAL METHODS 
l • CALCULATION OF THE MEAN, STANDARD DEVIATION, AND STANDARD ERROR 
OF THE MEAN 
340. 
The calculations were all performed on an Olivetti Calculator (P203) 
in the Liver Research Laboratories of the Department of Medicine, 
University of Cape Town. The programs had been prepared by the 
research staff of the Liver Laboratories. 
The author performed most of the calculations, while some of the 
earlier calculations were performed by the research staff of the 
Department of Surgery. Complete print-outs were obtained for each 
calculation, and all entries double checked. In addition, approxi-
mately 10% of the calculations, randomly selected, were re-calcu-
lated at a later date as a check on the function of the calculator. 
The formulae used were:-
(1) Mean 
X • X1 + X2 + 
n 
... + X n 
Where Xis the variable, and n the number of observations (8). 
(2) Standard deviation 
s -
-
E(xi - X) 2 ) 
n - 1 
Where Xis the mean (9). 
341. 




Where s 2 • {standard deviation) 2 a Variance (10) 
2. COMPARISON OF TWO MEANS 
The t and F tests were all calculated by Miss C.G. Vader, 
statistician to the Department of Obstetrics and Gynaecology, 
University of Cape Town, and the author, with the aid of two 
Hewlett-Packard calculators (models 9100B and SSA), the use of two 
calculators being dictated by logistics. The programs were pre-
pared by Miss C. Vader. The precision of each calculator was 
checked by repeating approximately 10% of the calculations, ran-
danly selected, on each calculator, and, in addition, the calcu-
lators were checked by repeating approximately 10% of the calcu-
lations from the one calculator on the other. The author was 
satisfied that the programs were identical, and that the calculators 
functioned correctly. 
{)) The t test for the com2arison of two means where the variances 
are egual 
{a) The F test for equal variances 
F • sf/sr 
Where sf is the larger of the two variances {12). 
Significance levels of F were determined from tables (14). 
(b) The t teat (11) 
t • 
Where s 2 • (n1 - l)sf + (n2 - l)si 
n1 + n2 - 2 
-and where X1 and X2 are the means of the two samples, 
s1 and s2 are the standard deviations, and n1 and n2 the 
sample sizes. Degrees of freedom (df) = n1 + n2 - 2. 
342. 
Significance levels oft were determined from tables (57). 
Where the distributions of the variables were markedly 
skewed, as in SGOT, log transformation was applied to the 
variable before calculating F and t (13). 
(2) The t test for the comparison of the means where the variances 
are unequal 
Where the F test showed that the variances were significantly 
different, Dixon and Massey's formula (52) was used to modify 
the degrees of freedom, and the t test described above was 
then app 1 ied • 
df • (sf/n1)2 
+ 
Where s 1 and s 2 are the standard deviations and n1 and n2 are 
the sample sizes. 
APPENDI.X 5 
STATISTICAL ANALYSIS OF THE SERIAL CHANGES 
IN THE BIOCHEMICAL AND HAEMATOLOGICAL FACTORS 
IN THE FOUR GROUPS - RELEVANT TO PART II 





Group 2(a) Table 56 





5. Combined allograft group l(a+b) Table 58 
THE SIGNIFICANCE OF SERIAL CHANGES IN MEAN VALUES FOR 
EACH GROUP 
1 • Group 1 (a) Table 59 .. 
2. Group 1 (b) Table 60 
3. Group 2(a) Table 61 
4. Group 2(b) Table 62 .. 
5. Group 1 (a+b) Table 63 
THE SIGNIFICANCE OF THE DIFFERENCES IN MEAN VALUES 
BETWEEN GROUPS AT WEEKLY INTERVALS 
1. Group 1 (a) compared to Group 1 (b) - Table 64 
2. II 1 (a) II II II 2(a) - Table 65 
3. II l(a) II II II 2(b) - Table 66 
4. II 1 (b) II '" II 2(a) - Table 67 
5. II 1 (b) II II II 2(b) - Table 68 
6. II 2 (a) " " II 2(b) - Table 69 
7. II 1 (a+b) II II II 2(a) - Table 70 
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Standard 6i carb. 
-
significance of diffe rence in mean levels p< = 
= no significant difference in mean levels 
0 = no or insufficient data 
n - statistical analysis not performed 
_ * _ = .... \·Ii thJo__g L,ra11 ::.for111ll t ion, . ----··- ·--·-· ·-··- ·· ... 
TABLE 59 THE SIGNIFICANCE OF CHANGES IN MEAN 





0-7 0-14 0-2, 0-28 
CSF Glutamine <0,001 <0,001 <0,005 <0,02 
Venous NH4 - - - -
Alkaline Phos. - - - -
* <0,02 S~G.O.T. <0,025 <0,001 <0,005 
Cholesterol - - <0,025 <0,005 
Total Protein - - - . 
Albumin <0,05 - <0,005 -
Globulin - - - -
Haemoglobin <0,05 <0,02 <0,005 <0,001 
Leucocytes <0,02 <0,02 - <0,01 
Pl ate lets n n n n 
Neutrophils - - - -
Lymphocytes <0,025 - - -
Eosinophils n n n n 
Basophils n n n n 
Monocytes <0,02 <0,05 <0,005 <0,02 
pH - - <0,05 -
pC02 - - - -
Standard Bicarb. - - - -
p< = s i gni fi cance of difference ·
-
in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = s tati s ti cal analysis not performed 
* = with loo transformation. 
TABLE 60 THE SIGNIFICANCE OF CHANGES IN MEAN 





0;_7 0-14 0-21 0-28 7-14 14-21 21-28 
CSF Glutamine <0,001 <0,001 <0,001 <0,001 - - -
Venous NH4 <0,05 <0,02 <0,001 <0,005 - <0,01 -
Alkaline Phos. <0,001 <Q,05 - <0,05 - - -
* S.G.O.T. - - <0,05 - - - -
Cho 1 es terol <0,001 <0,001 <0,001 <0,001 - - -
Total Protein <0,05 <0,02 - <0,05 - - -
Albumin - - - - - - -
Globulin <0,05 <0,005 <0,005 <0,02 - - -
Haeroogl obi n - - - - - - -
Leucocytes <0,001 <0,001 <0,005 <0,025 - - -
Platelets n n n n n n n 
Neutrophils - <0,02 - - - - -
I 
Lymphocytes - <0,01 <0,05 - - - -
Eos i nophil s n n n n n n n 
Basophils n n n n n n n 
Monocytes - - - - - - -
pH 0 0 0 0 0 0 0 
pC02 0 0 0 0 0 0 0 
Std. Bicarb. 0 0 0 0 0 0 0 
p < = si gni fi cance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with loo transformation 




0-7 0-14 0-21 0-28 . 7-14 14-21 21-28 
CSF Glutamine - <0,05 - - <0,025 - -
Venous NH4 - - - <0,02 - -
Alkaline Phos·. - - - - <0,02 - -
* S.G.O.T. - - - <0',05 - - -
Cholesterol - - - - - - -
Total Protein - <0,02 <0,005 <0,02 - - -
Albumin - - - - - - -
Globulin - <Q,005 <Q,001 <Q,01 - - -
Haemoglobin - - - - - - -
Leucocytes - - - - - - -
Platelets n n n n n n n 
Neutrophils - <O,oi - <0,05 <0,005 - -
i 
Lymphocytes - - - - - - -
Eosinophils n n n n n n n 
Basophi 1 s n n n n n n n 
Monocytes <0,005 <0,001 <0,05 <0,025 <0,01 - -
pH 0 <0,001 0 <0,025 0 0 0 
pC02 0 
<0,005 0 <0,02 0 0 0 
Std. Bicarb. 0 - 0 - 0 0 0 
p< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with loa transformation 




0-1~ 0-7 0-21 o-:~a 
CSF Glutamine <0,001 
Venous NH4 -
Alkaline Phos. -


























































significance of difference 
no significant difference i 
no or insufficient data 
statistical analysis not pe 
with log transfQrmation. 
in mean 1eve1s 
n mean levels 
rformed 
TABLE 63 . · THE SIGNIFICANCE OF CHANGES rn MEJ\N 
LEVELS IN GROUP l(a+b) 
353. 
DATE OF COMPARISON (DAYS} 
-
TEST 
OP 7 14 21 28 
CSF .Glutamine - - - - -
Venous NH4 - - - < 0,01 < 0,02 
Alkaline Phos. - - - - -
* S. G. 0. T. - - - - < 0,025 
Cholesterol - - < 0,005 - -
Total Protein - < 0,005 - < 0,02 -
A lbumi,n - < 0,025 - < 0 ,01 -
Globulin - < 0,02 - - -
Haemoglobin - - < 0,02 - -
Leucocytes - - - - -
Pl ate lets n n n n n 
Neutrophils - - - - -
Lymphocytes - - - - -
Eosinophils n n n n n 
Basophils n n n n n 
Monocytes - - < 0 ,005 - < 0,05 
pH - - - - -
pC02 - - - - -
Standard Bicarb. - - - - -
p< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not perfonned 
* = with log tr~Q?.for~Qn 
TABLE 64 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(a} and l(b} 
354. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,005 <0,005 <0,001 <0,001 
Venous NH4 - - - - -
Alkaline Phos. <0,005 ... - - -
* S.G.O.T. - <0,001 <0,05 - -
Cholesterol - <0,05 <0,001 - -
Total Protein - - - - -
Albumin· - - - - -
Globulin - - - - -
Haemoglobin ·- - <0,05 - -
Leucocytes - - - - <0,05 
Platelets n n n n n 
Neutrophi ls - - <0,05 - -
Lymphocytes - - <0,02 - -
Eosinophils · n n n n n 
Basophils n n n n n 
Monocytes - - <0,05 - -
pH 0 0 0 0 0 
pC02 
0 0 0 0 0 
Standard Bicarb. 0 0 0 0 0 
P< = significance of difference in mean leve 1 s 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log tr~n~formation 
TABLE 65 TIIE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(a} and 2(a} 
355. 
DATE OF COMPARISON {DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,05 <0,01 <0,02 <0,02 
Venous NH4 - - <0,01 - -
Alkaline Phos. - <0,02 - - -
* S.G.O.T. <0,05 <0,005 - - -
Cholesterol - - - - -
Total Protein <0,02 - - - -
Albumin - - - - -
Globulin <0,01 - - <0,025 -
Haemoglobin - - <0,005 - -
Leucocytes - - - - <0,05 
Platelets n n n n n 
Neutrophi ls - - <0,02 - -
Lymphocytes - - - - -
Eos i nophil s · n n n n n 
Basophils n n n n n 
Monocytes - - <0 ,001 - < 0,02 
pH - 0 - 0 -
pC02 - 0 - 0 -
Standard Bicarb. - 0 - · O -
P< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with 1 QJL1r~_ns_for,~1ic;>_n 
TABLE 66 . THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l{a) and 2{b) 
356. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF .Glutamine - . <Q ,01 <0,001 <0,001 <0,05 
Venous NH4 - <0,02 <0,02 <0,001 <Q,01 
Alkaline Phos. <0,05 <0,025 - - -
* S. G. 0. T. - <0,.01 <0,02 <0,025 <0,02 
Cholesterol - - - - <Q ,025 
Total Protein - <0,02 · <0,05 <0,025 -
· Albumin - <0,02 - - -
Globulin - - <0,02 <0,02 -
Haemoglobin - - - <0,05 <0,02 
Leucocytes <0,02 - - - <0,025 
Platelets n n n n n 
Neutrophi ls - - <0,05 <0,05 -
Lymphocytes - - - - -
Eosinophils n n n n n 
Basophils n n n n n 
Monocytes - - . - <O ,005 -
pH 0 0 0 0 0 
pC02 0 0 0 0 0 
Standard Bicarb. 0 0 0 · O 0 
P< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with loq tran~formation 
TABLE 67 : THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(b) and 2(a) 
357. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF .Glutamine - <0,02 <0,005 <0,01 -
Venous NH4. - - <0,05 - -
Alkaline Phos. - <0,05 - - -
* S.G.O.T. - - - - -
Cholesterol - <0,02 <0,02 <0,025 <0,005 
Total Protein <0,005 - - - -
Albumin - - - <0,005 -
Globulin <0,01 - - - -
Haemoglobin - - - - <0,02 
Leucocytes - - - - <0,025 
Platelets n n n n n 
Neutrophi ls - - - - -
Lymphocytes - - - - -
Eosinophils n n n n n 
Basophils n n n n n 
. 
Monocytes - - <0,005 - -
pH <0,05 0 - 0 -
pC02 
<0,02 0 - 0 -
Standard Bicarb. - 0 - 0 -
P< = si gni fi cance of difference in mean leve 1 s 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not perfonned 
* = with log tran~formation 
TABLE 68 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(b) arid 2(b} 
358. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF .Glutamine - <0,005 < 0 ,001 <0,001 <0,001 
Venous NH4 - <0,01 <0,001 <0,001 <0,05 
Alkaline Phos. <0,025 - - - -
* S.G.O.T. - - - - -
Cholesterol - <0,005 <O, 001 <0,02 <O ,005 
Total Protein <0,05 - - - -
·Albumin - - - - -
Globulin <0,05 - - <Q,005 -
Haemoglobin • - - - - -
Leucocytes - - - - -
Platelets n n n n n 
Neutrophi ls - - <0,001 - <0,02 
Lymphocytes - - <0,05 - <0,05 
Eosinophils n n n n n 
Basophils n n n n n 
Monocytes - <0,05 <0,001 1<0,01 <0,05 
pH 0 0 0 0 0 
pC02 0 0 0 0 0 
Standard Bicarb. 0 0 0 0 0 
P< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with loo transformation 
TABLE 69 : THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS 2( a) an.d 2(b) 
359. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,001 <0,001 <0,001 <Q,001 
Venous NH4 - - - <0,005 <0,01 
Alkaline Phos. <0,005 <0,05 - - -
* S. G.O. T. - <0,001 <0,02 - -
Cholesterol <0,05 - - - -
Total Protein - - <0,05 - -
Albumin - - - - -
Globulin - - <0,01 - -
Haemoglobin - - - - -
Leucocytes <0,05 - - - <0,02 
Platelets n n n n n 
Neutrophi ls - - <0,02 <0,05 -
Lymphocytes - - - - -
Eos i nophil s n n n n n 
Basophils n n n n n 
Monocytes - - - <0,02 -
pH 0 0 0 0 0 
pC02 0 0 0 0
 0 
Standard Bicarb. 0 0 0 0 0 
P< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with loQ transfor~tion 
TABLE 70 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS 1 ( a+b) .and 2 (a) 
360. 
DATE OF COMPARISON (DAYS} 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,02 <0,001 <0,01 <0,05 
Venous NH4 - - <0,02 - -
Alkaline Phos. - <0,05 - - -
* S.G.O.T. - - - - -
Cholesterol - - - - < 0,025 
Total Protein < 0,005 - - - -
·Albumin - - - <Oa.05 -
Globulin <0,005 - - - -
Haemoglobin - - - - -
Leucocytes - - - - < 0,025 
Platelets n n n n n 
Neutrophi ls - - <0,025 - -
Lymphocytes - - - - -
Eosinophils n n n n n 
Basophils n n n n n 
Monocytes - - <0,001 - <0,025 
pH - 0 - 0 -
pC02 <0,05 
0 - 0 -
Standard Bicarb. - 0 - 0 -
P< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not perfonned 
* = with loa tran~formation 
TABLE 71 THE SIGNIFICANCE OF .DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(a+b) .and 2(b) 
361. 
APPENDI.X 6 
STATISTICAL ANALYSIS OF THE CHANGES 
IN MEAN BIOCHEMICAL AND HAEMATOLOGICAL VALUES 
RELATED TO THE HISTOLOGICAL QUALITY 
OF THE DONOR LIVERS - RELEVANT TO PART III 
MEAN VALUES RELATED TO THE HISTOLOGICAL QUALITY AT WEEKLY 
INTERVALS - THE "TIME RELATED STUDY". 
(refer to page 24) in the text for methods used) 
J. Mean values related to the functional liver index -
Table 72 
2. Mean valu,s related to the degree of rejection -
Table 73 
MEAN VALUES RELATED TO THE HISTOLOGICAL QUALITY, IRRESPECTIVE 
OF THE POSTOPERATIVE PERIOD - THE "TIME UNRELATED STUDY". 






Mean values related to the functional liver index -
Table 74 
Mean values related to the degree of rejection -
Table 75 
The significance of differences in mean values between 
the functional grades - Table 76 
The significance of differences in mean values between 
the grades of rejection - Table 77 
Comparison between the mean values of the two histo-












TEST PRE-OPERATIVE POST-0, 
NORMo\l. OAY 
I ..-- II - Ill - IV ~ No. No. No . No . 
7 14,56 t 4,28 6 17,50 t 6,40 6 21,58 t 4,95 5 33 ,85 t 8 ,27 4 
::.t 11,00 ± 2,47 14 16,76 ± 1,92 5 25,57 t 9,99 4 23,30 t 2,20 2 29,46 t 9,29 6 
i (20) 21 16,04 t 3,93 5 22,10 t 8,02 3 NIL - 31,26 t 6,39 5 !; 
cl 
28 13,70 t 2,01 3 21,6 1 28,20 ± 13 ,01 4 27 ,26 ± 5,24 3 
• 7 259,80 ±101,59 5 241,40 ± 65,15 5 273,00 ± 99,07 3 184,50 ± 72 ,57 4 2 199,30 ± 39,61 14 229,40 ± 46,71 5 233 ,33 ± 20, 98 3 263,00 t 52 ,00 2 296 ,50 t 96,91 6 
~ (20) 21 206,75 t 62,39 4 261,33 t 76,l!l 3 NIL - 360,00 tll0,55 4 z ... 
> 
28 278,00 ±104,90 4 185 1 269,00 t 22,02 4 261,33 t 66,43 3 
is 
i: 
7 7,25 t 2,64 6 7,80 t 0,85 6 4,70 t 1,69 5 10,92 t 5,66 4 
::.t 6,11 t 2,29 14 7,90 t 4,14 5 6,92 t 2,05 4 8,60 t 0,00 2 6,20 t 2,44 6 
~ (21) 21 9,38 t 3,83 5 4,30 ± 1,99 3 NlL - 4,56 t 2,62 5 
;l 
28 9,46 t 1,61 3 3,8 l 4,12 t 2,94 4 3,50 t 2,78 3 
7 72,50 t 5,59 I 6 60,00 t 18,70 6 49 ,00 t 18 ,05 5 216,25 ±245,44 4 ... 
0 39,54 t 14,13 14 118,00 t 79,34 5 161,75 t 89,41 4 35,00 t 0,00 2 52,50 t 50,55 6 ., 
"' (22) 21 162,00 t 97,75 5 70,00 t 4,08 3 NIL - 52,00 t 26,94 5 
28 100,00 t 43,20 3 70 l 62,50 ± 51,29 4 31,66 t 4,71 3 
~ 
7 S2 ,20 t 12 ,20 5 96 ,83 ± 30,93 6 79,00 , 20,43 4 60,25 t 14,70 4 
h~M "" 89,82 t 23,38 14 65,20 , 37 ,61 5 101,50 , 29,94 4 2 78 , 33 t 17 ,85 6 ... ... i "' ... (17) 21 67 ,20 ± 28,20 5 52,00 ± 41,40 3 
NIL I - 38 ,66 t 24 ,56 3 ...J 0 I :,: u 28 69,66 , 43,92 I 3 21 l 27 ,66 ± 21,48 3 55 ,66 t 42 , 59 3 
I 
o,63 I 5 ! 7 6,34 t 6,66 ± 1,08 6 6,37 ± 0,66 1 · 4 6,S2 ± 1,71 4 ~ 
I ... 6,31 t 0, 54 14 6,38 ± 0,69 1 5 6,27 ± l,05 4 6,00 t 0,30 , 2 6,61 t 0,70 6 ... Isl 
I ... (16) 21 5, 86 ± 0,93 5 6,50 t o,9a 3 NIL - 6,52 ± 0,49 4 ;l I 6 28 7,10 ± 0,65 3 5,6 l 6,96 ± 0,44 i 3 6,90 t 0,60 2 ... 
I 
7 1,80 t 0,08 5 1,70 t 0,46 6 1,70 t 0,31 I 4 1,62 t 0,57 4 
"' 1,80 t 0,25 14 1,70 ± 0,32 5 1,77 ± 0,23 4 1,65 t 0, 45 2 1,96 t 0,34 6 § 
(16) 21 1,42 ± 0,23 5 1,63 t 0,24 I 3 NIL 1,77 t 0,35 4 ... -;l 
28 1,83 ± 0,20 3 1,5 1 1,53 t 0,26 3 1,25 ± 0,05 2 
7 4,54 ± 0,67 5 4,96 ± 0,66 6 4,67 t 0,46 4 5,20 t 1,28 4 
z 4,50 ± 0,51 14 4,68 t 0,42 5 4,50 ± 0,96 4 4,35 ± 0,15 2 4,65 t 0,45 6 ;i 
8 ( 16) 21 4,44 ± 0,75 5 4,86 t 0,75 3 NIL - 4,75 t 0,40 4 a 
28 5,26 ± 0,44 3 4,10 1 5,43 ± 0,54 3 5 ,65 ± 0,55 2 
I 
7 10, 70 ± 2,14 6 10,81 ± 1,19 6 10,60 t 0,99 5 8,42 ± 3,15 1 4 z ... 11,61 ± 1,41 14 9,88 t 2,36 5 11,00 ± 2,12 4 8,85 t 3,85 2 10,50 ± 0 2,14 I 6 ...J 
~ (21) 21 8,64 t 2,46 5 8,66 ± 2,23 3 NIL - 9,18 ± 2,59 5 
~ 
28 10,36 ± 2,14 3 X 1,7 1 7,30 ± 2,27 4 9,66 ± 1,69 3 
7 29,30 ± 3,92 6 26,45 ± 5,99 6 38,28 ± 19,92 1 5 35 ,30 ± 7 ,10 13 "' ! ... 18,99 • 5,36 ... 14 44,06 ± 11, 21 5 23 ,27 • 6,30 4 31,50 ± 6,20 2 21,75 ± 9,99 j 6 ,.. u 
0 (2 1) 21 30,16 ± 10,79 5 31,56 ± 10,45 3 I 24,38 ± 8,41 j 5 u NIL -:, 
33,23 ± 17 ,51 13 
... 
...J 
28 31,33 ± 12 ,25 3 NIL 33,20 ± 1,51 I 4 -
TABLE 72 MEAN VALUES FOR THE FUNCTIONAL GRADES - TIME RELATED 
(Mean+ 1 SD) (Continued on the following page) 
364. 
GRADE 
TEST PRE-OPERATIVE POST-OP 
NORMI. DAY - ~ - IV -I No. II No . Ill No. No . 
7 709,~0 ± 371,13 5 598,00 ± 386,79 6 499,60 ± 294,83 5 323,50 ± 105,7
6 4 
"' t:i 395 ,04 ± 146, U 14 496,60 t 273,33 5 239,50 ! 57,08 4 350,50 ! 181,50 2 415,33 ! 324,20 6 _, ... 
j (21) 21 356,00 t 344,02 5 383,33 t 50,21 3 NIL - 411,80 t 326,10 5 .... 
28 251,00 ± 163,30 3 82 1 490 ,25 ± I67 ,43 4 358 ,66 ! 127 ,52 
3 
"' 7 53,50 ! 13,46 6 47,00 ! 8,38 6 61,20 ± 5,74 5 60,00 ! 1
3,00 4 
i 46,28 ! 14,73 14 49,60 t 7,98 5 45,75 t 13,31 4 61,50 ! 1,50 2 45,50 t 22,17 6 
5 (21) 21 39,60 t 12,17 5 47 ,33 t 15,I5 3 NIL - 42,40 t 17,93 5 ... z 
28 41,66 t 29,93 3 25 1 66,50 t 13,27 4 52,66 t 5,43 3 
"' 7 25,I6
 ± 8,91 6 35,33 ± 10,81 6 25,60 t 5,85 5 23,50 t 6,87 4 
I 37 ,23 t 10,85 14 32 ,20 t 9,98 5 38,25 t 10,03 4 32,50 t 0,50 2 37,66 t 24,97 6 (21) 21 39,40 t 15,94 5 29,33 t 10,07 3 NIL - 30,00 t ·8,74 5 .... 
28 · 35,00 ! 21,18 3 57 1 26 ,50 t 9,34 4 30,00 t 8,83 3 
"' 
7 4,S3 t 3,43 6 1,16 t 0,89 6 3,00 t 2 ,44 5 3,75 ! 1,47 4 • 
= 5,42 t 6,13 14 2,40 ! 1,95 5 5,00 ! 2,54 4 (0) 2 4,33 ! 3,29 6 :z: 
~ 
(1) 
z (21) 21 2,80 ! 2,13 5 6,00 ! 
~ 
5,88 3 NIL - 1,80 t 1,72 5 
... 28 4,33 ! 6,12 . 3 1 1 2,00 ± 1,22 4 1,33 ! 0,94 3 
7 0,66 ! 1,49 ti 0,83 ! 0,68 
"' 
6 1,00 ! 0,89 5 0,75 t 0,43 4 
= 0,57 ! 0,79 14 o;ao ! 0,74 5 2,00 t 1,22 4 !O) 2 2,16 t 2,03 6 :z: 
~ 
1) 
"' (21) 21 1,40 ! 1,85 5 2,33 ! 2,62 3 NIL - 0,60 t 1,20 5 ~
28 0,75 ! 1,29 3 0 1 1,00 ! 0,70 4 0,66 ! 0,94 3 
7 15,66 ! 12,11 6 15,50 ± 4,89 6 9,20 t 1,46 5 12 ,00 t 5,78 4 
"' ... 10,47 t 5,31 14 15,00 ! 5,17 5 9,25 t 6,60 4 5, 50 ! 2 ,50 2 10,33 t 6,74 6 
t: g (21) 21 16,80 t 6,49 5 15.00 ! 4,54 3 NIL - 25,20 t 12,05 s z 
i 
28 18,00 t 5,88 3 17 1 6,50 f 2,17 4 15,33 t 11,89 3 
7 7,31 ! 0,02 3 7,37 ! 0, 02 3 !7,25) ? 7 ,11 1 7,24) 
7,28 t 0,12 14 7,22 ! 0,18 4 7,30 t 0,02 4 7,10 1 ~7,32) 2 
:z: 
7,03) 
a. F·o1l (19) 21 6,95 2 7,22 ! 0,09 3 NIL - 7,16 ! 0,08 4 
28 7,25 t 0,06 3 7 ,17 1 7,24 t 0,06 3 
(7,18) 2 (7,17) 
7 46,50 t 9,51 3 49,00 t 2,16 3 
( 51) 2 55 1 ( 51) 
"' 
47 ,26 ! 12,80 14 36,25 t 22,09 4 43, 12 ! 7,24 4 41 1 ( 43~ / 2 
0 
(38 
~ (19) 21 mi 2 42,50 ! 12,57 3 NIL - 48,0 t 12,01 4 
28 42,00 t 8,98 3 36,50 1 47,66 ! 6,59 




~ 7 21,83 ± 2,77 3 25,83 ! 1,54 1 3 2 15 I 1 z I 
0 I (21 .) 
I 
CD 20,25 t 4,49 14 17 ,02 t 4,89, 4 20,37 ± 4 12 1 I 2 a: 1, 98 1 ~ !18 ) o,J 
I ( 12,4) 
(19) 21 2 17,00 ± 3 NIL 
I 
14,67 ± 1,23 I CD 13,2} 3,55 1 - 4 
d 28 I 
I ! 17,3 l \ 2 I .... 17, 13 t 3 (13,20) 1 19,16 , 4, 28 · 3 
"' i i 
14 ,25 
TABLE 72 MEAN VALUES FOR THE FUNCTIONAL GRADES - TIME RELATED 
{Mean+ 1 SD) {Continued from the previous page) 
GRADE 
TEST PRE-OPERATIVE POST-OP 
NORMAL DAY I ~ II r,;: Ill r-- IV No. No . 
! 28,44 ± 10,33 




· 11.00 ± 16,30 ± 1,88 4 24,52 ± 10,441 4 22,8
0 1 27 ,11 ± 8,85 
i 2,47 14 
s (20) 21 14,40 1 18,87 t 6,78 7 Nil - 31,26 ± 6,39 G· 
20,23 ± 11.10 I 28 16,30 1 3 29,40 ± 12.ro 3 23,77 ± 7,56 
.. 7 200,66 ± 44,64 3 
2 
279,00 ±101,37 4 249,00 ± 66,50 4 230,60 :tlll ,98 
!S 
199,30 ± 39,61 14 249,00 ± 28,41 4 198,00 ± 35,56 3 257 1 
300,71 :t 88,29 
0 141 1 245,00 ± 69,30 6 NIL 360,00 ±110,55 z: (20) 21 -w 
> 
28 381 1 197 ,33 ± 31,67 3 254,33 ± 49,84 3 260,0
0 ± · 57 ,58 
.,; 
~ 7 5,60 ± 0,80 3 
8,05 ± 2,16 
0.. 
6 6,91 t 2,00 6 6,04 ± 2,11 
... 6,11 ± 2,29 14 7,37 ± 4,49 4 7,15 ± 2,31 4 9,1 1 6,31 ± 2,11 z: 
~ (21) 21 11,7 1 6,87 ± 4,00 7 NIL - 4,56 :t 2,62 
;t 
28 7,7 1 7,50 ± 4,15 3 4,86 ± 3,03 3 3,60 ± 2,41 
7 73,33 ± I 6,23 I 3 64,16 ± 12,38 6 54,16 ± 18,57 6 66,00 t 27,09 ... 
138,75 ± 75,61 ! 5,15 0 39,54 ± 14,13 14 4 132,50 ±105,50 4 152 1 31,42 ± 
"' 
! 
119,28 ± 92,52 I 
"' 
(22) 21 185 I 1 7 NIL - 52,00 ± 26,94 I 
28 40 ! 1 93,33 ± 52,49 1 3 85,00 ± 48,13 3 35,
00 ± 7,07 
87 ,00 ± 13,58 1 
! 




er: 89,82 ± 23,38 14 4 91,75 ± 27,26 I 4 124 1 79,42 ± 22,37 ... 60,25 ± 40,57 I ... I I "' ... (17) 21 64 I 1 61,14 ± 36,93 l 7 NIL - 38,66 ± 24,56 ....t 
0 i 
31,66 ± 19.60 1 0 28 128 
; 
1 3 16 ,00 ± 5,00 2 55,75 ± 36,88 I 
I 
,.,, I I 
:5 7 6,50 ± 0.11 I 3 6,84 ± 5 5,90 ± 0,68 5 7,00 ± 1,51 ... ... I 




...I {16) 21 4,9 : l 6,27 ± 0,96 1 7 
I 
Nil 
I - 6,52 ± 0,49 ,c ... 
0 ... 28 7,9 1 6,80 ± 0,35 3 6,00 ± 0,40 2 7,13 :t 0,59 
7 1,80 ± 0,08 3 1,84 ± 0,41 5 1,48 ± 0,27 5 1,78 ± 0,54 
z: 1,80 ± 0,25 14 1,72 ± 0,36 4 1,65 ± 0,15 4 2,11 1 1,95 :t 0,38 
~ ... (16) 21 1,1 1,55 ± 0,22 7 1,77 ± 0,35 ;t I 1 NIL -
28 2,1 I 1 1,76 ± 0,12 3 1,45 ± 0,05 ! 2 1,66 ± 0,59 
7 4,70 ± 0,72 3 5,00 ± 0,70 5 4,42 ± 0,46 5 5,22 ± 1,14 
:5 4,50 ± 0,51 14 4,65 ± 0,47 4 4,60 ± 0,96 4 4,4 1 4,61 ± 0,43 
...I 
~ (16) 21 3,8 1 4,71 ± 0,77 7 NIL - 4,75 ± 0,40 
...I 
"' 28 5,8 1 5,03 ± 0,24 3 4,55 ± 0,45 2 5,46 ± 0,51 
I 
z: 
7 9,93 ± 2,74 3 11,50 ± 0,76 6 10,35 ± 0,89 I 6 10,04 ± 2,29 
:;; 
11,61 ± 1,41 14 9,65 ± 2,38 12,8 1 10,65 ± 2,48 0 4 10, 77 ± 1,96 4 
....t 
i (21) 21 6,9 1 8,90 ± 2,44 7 NIL I - 9,18 ± 2,59 
~ 
:c 28 13,2 1 8,50 ± 1,00 3 6 ,33 ± 1.12 I 9,82 ± 1,49 3 
V> 
7 30,43 ± 3,95 3 28,03 ± 3,01 6 35,03 ± 17,02 I 6 32,36 ± 13,44 ... 
18,99 ± 5,36 ... 14 41,62 ± 11,29 4 32,05 ± 13,79 4 18,7 I 1 22,44 ± 9,62 >-u ! 0 
. (21) 30,01 ± 11,29 I u 21 35,00 1 7 Nil i 24,38 ± 8,41 ::> -... 
6,81 I 1,65 I ....t 28 16,7 1 37,36 ± 3 32,45 ± 2 33,20 ± 15,16 I 
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PRE-OPERATIVE POST-OP GRADE TEST NORMAL DAY 
~ ~ IV -I ~ II Ill No. No. No. No. 
7 590,00 ! 385,15 3 550,,0 1 309.79 5 570,00 ± 425,13 6 402,00 ! 220,20 5 
"' ... 
1 424,00 ± 308,95 7 ... 395,04 ± 146,11 14 470,75 ± 300,07 4 336,75 ± 161,51 4 211 ...., ... 
:5 (21) 21 1000 1 275,71 ± 142,28 
0.. 
7 NIL - 411,80 ± 326,10 5 
28 253,00 1 341,66 ± 208,49 3 256,00 ± 123, 16 3 456,50 ± 202,26 4 
"' 7 50,00 ± 15,55 3 51,50 ± 10,22 6 55,00 ± 10,11 6 61,00 t 12,19 5 ...., ::c 
48,14 ± 21,49 7 0.. 46,28 ! 14,73 14 48,00 ± 8,18 4 44,00 ± 11,22 4 63,00 1 ~ 
s (21) 21 38,00 1 43, 14 ± 14,73 7 NIL - 42,40 ! 17,93 5 ... z: 
28 21,00 1 53,66 ± 26,23 3 52,00 ± 22,90 1 3 59,00 ± 11,93 4 
"' 7 24,33 ± 10,33 1 3 32,00 ± 8,22 6 29,00 ± 11,35 6 24,80 ± 1 ,60 I 5 "' ... ,..
7 g 37,23 ± 10,85 14 32,75 ± 11,09 j 4 40,50 ± 6,18 4 21,00 1 38,57 ± 22,39 I 
X . I t 30,00 ± 5 ,.. (21) 21 46,00 I 1 34,14 ± 15,31 7 NIL I - 8,74 1 ... 
! 28 43,00 
' 
1 31,33 ± 20,41 3 3S,OO ± 15,93 : 3 26,75 ± 9,49 4 
I I I 
7 3,33 ± 4,02 ; 3 3,50 ± 3,14 1 6 2,16 ± 2,26 1 6 3,60 ± 1,35 1 5 
"' i ...., 
2,73 ! ::c 5,42 ± 6,13 14 2,50 ± 2,17 i 4 4,00 ± 4 6,00 I 1 3,95 ± 3,27 1 7 2; I I z: (21) 21 6,00 I 1 3,71 ± 4,49 i 7 NIL I - 1,80 ± 1,72 5 jg ' ! 
1,41 1 
I I ... 28 13,00 1 1,00 ± 3 2,00 ± 0,81 ! 3 1,00 ± 1,00 i 4 i I 
I i 
7 1, 33 ± 1,88 3 0,33 ± 0,47 ! 6 0,66 ± 0,74 6 1,20 ± 0,74 ! 5 
"' ; l ...., I 
1,92 1 ::c 0,57 ± 0,79 14 1,00 ± 0,70 ! 4 1,25 ± 1,29 1 4 3,00 ; 1 2,00 ± 7 
0.. i I 0 I 
"' (21) 21 1,00 I 1 1,85 ± 2,35 1 7 NIL i - 0:50 ± 1,20 i 5 i:S I 
I I ' 28 3,00 I 1 0,33 t 0,47 3 0,33 ± 0,47 i 3 1,00 ± 1,00 ' 4 I ' I I 
5,00 1 









~ (21) 21 9,00 1 17,14 ± 5,61 7 NIL - 25,20 ± 12,05 i 5 I 
28 20,00 1 13,66 ± 7,40 3 11,00 ± 4,32 1 3· 12,25 ± 11,60 ! 4 
I 0,06 1 
I 
7 7,32 1 7,32 ± 0,03 3 7,33 ± 3 7,18 ± 0,06 ! 2 
I 
I 
7,28 ± 0,12 14 7,12 ± 0,08 3 7,36 ± 0,09 4 7,30 I 1 7 ,15 ± 0,12 I 3 X I ... I 
(19) 21 6,95 1. 7,18 ± 0,10 4 NIL I - 7,16 ± 0,08 i 4 
I 
28 7,25 1 7,21 ± 0,08 3 7,22 ± 0,05 2 7,21 ± 0,05 i 3 
! 
7 33,50 1 52,00 ± 2,82 3 49,33 ± 2,35 3 53,00 ± 2,0V ! 2 
N 47,26 ± 12,80 14 42,33 ± 22,42 3 35,12 ± 11,59 4 50,00 
I 
1 40,66 ± 2 05 I 3 0 • I u ... 
(19) 21 63,00 1 47,87 ± 14,32 4 NIL I - 48,00 ± 12.01 ! 4 
28 42,00 1 42,33 ± S,99 3 39,75 ± .3,25 1 2 50,33 ± 6,23 i 3 
... 
7 18,00 3,51 I 2 oo I !;;: 1 24,00 ± 0,70 3 24,16 ± 3 17 ,00 ± 2 z ' I 
0 
20,25 ± 4,49 14 3,02 1 i 4,15 l ~ 14,20 ± 0,28 , 3 21,37 ± 4 21,50 1 15, 13 ± 3 ;:s I ! 
(19) 21 13,20 
I 
1 17 ,25 ± 4 NIL ! - 14,67 ± 1,23 1 4 a, 3,11 , I 
ci 28 17,40 1,47 1 2,90 1 ... 1 16,00 ± 3 16,10 ± 2 18,68 ! 4,29 , 3 
"' I 
TABLE 73 MEAN VALUES FOR THE GRADES OF REJECTION - TIME RELATED 
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Cho les tero 1 
Total Protein 
















N-1 N-IJ N-III N-IV I-II II-III III-IV I-IV 
<0,001 <0,001 <0,001 <0,001 <0,02 - - <0,001 
- <0,05 <0,005 <0,01 - - - -
<0,02 - - - - - - -
<0,001 <0,001 - - - <0,02 - <0,02 
- - <0,02 <0,005 - - - -
- - - - - - - -
- - - - - - - -
- - - - - - - -
<0,01 <0,025 <0,005 <0,005 - - - -
<0,001 <0,005 <0,001 <0,02 - - - -
n n n n n n n n 
- - <0,001 - - <0,001 <0,05 -
- - <0,02 - - <0,05 - -
n n n n n n n n 
n n n n n n n n 
<0,02 - - - - <O,G05 <0,05 -
- - - i::0,02 - - - -
- - - - - - - -
- - - ~0.01 - - - -
P< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log transformation. 
' 
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Std. Bf cart>. 
370. 
HISTOLOGICAL GRADE 
N-I N-II N-III N-IV I-II II-III III-IV I-IV 
<0,001 <0,001 <0,001 <0,001 - - - <0,001 
- - <0,01 <0,005 - - - -
- - - - - - - -
<0,001 <0,001 <0,005 - - - <0,025 <0,001 
- - - <0,01 - - - -
- - - - - - - -
- - <0,05 - - - - -
- - - - - - - -
<0,02 <0,01 <0,005 <0,02 - - - -
<0,001 <0,001 <0,005 <0,01 - - - -
n n n n n n n n 
- - - - - - - -
- - - - - - - -
n n n n n n n n 
n n n n n n n n 
<0,05 - - - - - - -
<0.025 - - <0.02 <o.os - <0,02 -
- - - - - - - -
<0.02 - - 1<0.02 <0.02 - <0,05 -
P< • significance of difference in mean levels 
-· • no significant difference in mean levels 
0 • no or insufficient data 
n • statistical analy~is not performed 
* • with log transfonnation. 
THE SIGNIFICANCE OF DIFFERENCES IN t-£AN LEVELS BETWEEN THE GRA~S 








































= no significant difference in mean levels 
= no or insufficient data 
= statistical analysis not performed 
= with log transformation_.--------·--
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408. 
STATISTICAL ADDENDUM 
S T A T I S T I C A L A D D E N D U M 
The statistical method used was criticised by one of the examiners on 
the grounds of: 
409. 
"I have reservations about the presentation and the statistical 
analyses of the haematological and biochemical results (Part II, chapter 
3, pages 196 - 235). The author performed a prodigious number of student 
t-tests on all possible combinations of groups and times after trans-
plantation, and has tabulated p values for all of them. From these he 
draws conclusions which are not only confusing, but of questionable 
validity. For example, S.G.O.T. (p. 207 - 208): group J(b) revealed 
a "significant, sustained evaluation" on days 7, 14, 21 and 28; in 
group l(a) the mean level "was significantly elevated on day 7 but not 
thereafter"; however, "there were no significant differences in the 
serial mean levels between groups l(a) and J(b) except on day 28". 
Are these groups similar or different in this regard? His final con-
clusion on page 224 is that they are "comparable". I presume that by 
this he means they are not different. The author used log transfor-
mation of the data because the standard deviations were very large, 
and examination of the raw data in the appendix confirms the enormous 
range. The data are certainly not normally distributed and the val-
idity of using parametric statistics here, even with log transformation, 
is questioned. Common sense and simple inspection of the raw data -
suggest that the use of medians would be a more realistic measure of 
the central tendency of the data, and a non-parametric test (e.g. Mann 
Whitney U test) more appropriate. Appropriate calculations indicate 
median values of 40, 75, 55, 55 and 35 for group !(a) and 35, 50, 45, 
JOO and 120 for group J(b) on days 0, 7, 14, 21 and 28 respectively. 
This conveys a different picture than does Fig. 58a on page 207 F, 
with a progressive and significant (p<0.05) deviation of the curves 
developing on day 21. What the relevance this is to the method of 
biliary drainage following auxiliary liver transplantation is another 
matter. Similar problems occur in the comparisons drawn with most of 
the other haematologic and biochemical criteria. Furthermore, at no 
stage does Dr. Crosier indicate the P value he regards as significant. 
Presumably this is the conventional 0,05. This is not necessarily 
realistic in all circumstances, particularly where a consistent trend 
occurs in serial comparisons. It would be preferable to give the P 
values rather than to dismiss any value greater than 0,05 as "not sig-
nificant". The statement, underlined, on page 224 that "groups J(a) 
and l(b) are thus comparable biochemically and biochemically, suggest-
ing that the type of biliary drainage did not influence the post-
operative levels of these factors" may or may not be substantiated by 
re-examination of all the data. 
"Inspection of the raw data, and the consistency of the trends 
graphically depicted in Figures 69 and 70, suggest that the main con-
clusion in Part III, namely that CSF glutamine levels are accurately 
related to the quality of the donor liver, will be substantiated by 
non-parametric: statistical methods." 
410. 
This examiner recorrnnended "recalculation by simple non-parametric methods of 
the more relevant comparisons". 
In view of the above the following was done: 
(A) The Thesis and raw data were submitted to an independent professional 
statistician, Dr. D.J. van S~halkwyk, for opinion about the statistical 
method used. He reported: 
"Basically I am in agreement with the corrnnents of the examiner 
although not necessarily with his recommendations." 
"The method reconnnended by the examiner viz. the Hann-Whitney 
U test suffers from the disadvantage that the underlying assumption 
is that the populations have the same distributions but only differ 
in locality. With differing variances this is not the case.'' 
(B) The author subsequently requested the assistance of Dr. van Schalkwyk 
·in re-analysing the data. A series of analyses were devised by, and 
executed under the direction of Dr. van Schalkwyk, using the original 
raw data. 
I. For Part II, Chapter 3, Section IV, the re-analyses were 
performed as follows:-
The patterns of changes in the 19 biochemical and haema-
tological factors in the 4 groups were analysed and com-
pared at weekly intervals by means of pairwise comparisons 
of group means using Tukey's multiple comparison method 
based on the Studentized Range (231). Where necessary, 
transformations were done on the data to stabilise the 
within-group variances. 
The results of these analyses, in terms of probability 
levels, are surrnnarised in Tables 79 - 89 on pages 414 - 424. 
It can be seen that the main trends and conclusions are 
almost identical to those obtained with the original 
analyses. 
In addition, Dr. van Schalkwyk replotted all the graphs 
using the original raw data but transformed where appro-
priate. The graphs were almost identical in all respects 
to those originally obtained. 
2. For Part III, Chapters 2 and 3, the re-analyses were performed 
as follows:-
(i) For each of the 19 biochemical and haematological 
variables, a one-way analysis of Variance was 
done with the Functional Liver Index (and Degree 
of Rejection) as covariate and "days after op-
eration" as treatment groups, to test: 
(a) Whether a significant relationship exists 
between the variable measured and the 
Functional Liver Index (or Degree of Re-
jection), the "zero slope"; 
(b) Whether the relationship is constant over 
time, i.e. whether the regression slopes 
are equal. 
The results are summarised in Table 90 on page 425. 
(ii) The correlation between the Functional Liver Index 
(and Degree of Rejection) and 5 of the variables, 
was calculated for each of days 7, 14, 21 and 28, 
using group 2(b) animals as controls on each of 
these days. The results are summarised in Tables 
91 - 94 on pages 426-428. 
Once more, it can be seen that the main trends and con-
clusions are almost identical to those obtained with the 
original analyses. 
After completion of these analyses, Dr. van Schalkwyk reported 
as follows:-
"As a result of these analyses Dr. Crosier's original conclu-
sions are borne out, namely that 
i) the two transplant groups did not differ; 
ii) CSF glutamine is the only variable that 
showed clear and sustained differences 
between the transplant and non-transplant 
groups as well as changes from the pre-
operative levels in all but the control 
groups; and 
iii) the single best predictor of the Functional 
Index or degree of rejection is CSF glutamine." 
(C) The author re-analysed representative samples of the data from 
Part II, Chapter 3, Section IV, and Part III, Chapter 2, using 
the Mann-Whitney U-Test (230), as suggested by the examiner. 
The results of these non-parametric analyses are summarised in 
Tables 80, 82 - 84, 93 and 94 on pages 415, 417-419 and 427-428. 
It is clear that the Mann-Whitney U-Tests produced trends and 
conclusions almost identical to those obtained with the t-test, 
in each of the representative samples. 
411. 
412. 
DISCUSSION ON THE RE-ANALYSIS OF THE DATA 
The more relevant data has been re-analysed by 2 different methods. The 
analyses carried out under the direction of a professional statistician and 
the Mann-Whitney U-Tests performed by the author, both provided results and 
conclusions which are almost identical to those the author achieved when 
using the t-test as described on pages 340 - 342. The t-test appears to 
have been sufficiently robust to detect the essential differences between 
and similarities in the various groups. 
The two subsequent statistical analyses have merely confirmed, and in a few 
instances clarified the main trends that were obtained and do not alter any 
of the basic conclusions derived from the t-tests. 
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KEY TO TABLES IN THE ADDENDUM 
I. The original tables have been used, as far as possible, to enable the 
reader to compare the results of the three analyses with ease. 
(a) For Tables 79 - 89, and 93 - 94, letter Gothic typestyle 
(e.g. 0,001) has been used to illustrate the probability 
values obtained with the original t-tests, while Light 
Italic typestyle (e.g. 0,001) has been used, in the same 
tables, for Dr. van Schalkwyk's results. 
(b) For Tables 80, 82 - 84, and 93 - 94, Prestige Elite type-
style (e.g. 0,001) has been used for the Mann-Whitney 
U-Test results. 
(c) = Probability value greater than 0,05 for each type 
of analysis. 
2. Where transformations have been used in the calculations, the variables 
have been identified as follows: 
* = with Log transformation 
t = with Square root transformation 
3. Mult. Comparison = Multiple Comparison Test. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - - - - -
* - - - - -
Venous NH4 - - - <0,01 <0,001 
* - - - <0~05 -
Alkaline Phos. - - - - -
* -- - - - -
S.G.O.T. * - - - - <0,02 
* - - - - -
Cholesterol - - <0,005 - -
- - 0 ~ 01 - -
Total Protein - <0,02 - <0,01 -
- - - - -
Albumin - - - - -
- - - - -
Globulin - <0,05 - <0,02 <0,05 
* - - - - -
Haemoglobin - <0,05 <0,02 - -
- - - - -
Leucocytes - - - - -
- - - - -
Platelets - - - - -
- - - - -
Neutrophils - - - - -
- - - - -
Lymphocytes - - - - -
- - - - -
Eosinophils <0,01 - - -t - - - - -
Basophils - - - - -t - - - - <0,]5 
Monocytes - - <0,005 - <0,025 
- - - - -
pH - - - - -
- - - - -
pC02 - - - - -
* - - - - -
Standard Bicarb. - - - - -
* - - - - -
p< = significance of difference in mean levels 
- = no significant difference in mean 1 eve 1 s (p>0,05) 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log transformation 
t = with square root transformation 
TABLE 79 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(a) and l(b) - USING TWO 
METHODS OF STATISTICAL ANALYSIS. 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TEST 0-7 0-14 0-21 0-28 
CSF Glutamine <0,001 <0,001 <0,005 <0,02 
* <0.001 <0.001 <0.01 <0.01 Venous NH 4 - - - -* - - - -
Alkaline Phos. - - - -
* -- - - -
S.G.O.T. * <0,02 <0,025 <O ,001 <0,005 
* <0,001 <O 01 <0.001 <0.05 Cholesterol - - <0,025 <0,005 
- <0,05 <0,05 <O 05 
Total Protein - - - -
- - - -
Albumin <0,05 - <0,005 -
- - - -
Globulin - - - -
* - - - -Haemoglobin <0,05 <0,02 <0,005 <0,001 
<0.05 <0,01 <0,01 -
Leucocytes <0,02 <0,02 - <0,01 
<0,01 <0,001 <0.05 <O 05 
Platelets n n n n 
- - - -
Neutrophils - - - -
- - - -
Lymphocytes <0,025 - - -
- - - -
Eosinophils n n n n 
t - - - -
Basoph1ls t n n n n - - - -
Monocytes <0,02 <0,05 <0,005 <0,02 
<O, 05 - <0,01 -
pH - - <0,05 -
- - - -
pC02 - - - -
* - - - -
Standard Bicarb. - - - -
* - - - -
p< = significance of difference in mean levels 
- = no significant difference in mean levels 
0 = no or insufficient data 
n = statistical analysis not performed 
t = with square root transformation 
* = with log transformation 
TABLE 81 THE SIGNIFICANCE OF CHANGES IN MEAN --
LEVELS IN GROUP l(b) - USING TWO 
METHODS OF STATISTICAL ANALYSIS. 
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DATE OF COMPARISON (DAYS) 
TEST OP 7 14 21 28 
CSF Glutamine - <0,005 <0,005 <0,001 <0,001 
* - <0,01 <O, 01 <0,001 <0,001 
Venous NH 4 - - - - -
* - - - - -. 
Alkaline Phos. <0,005 - - - -
* - - - - - -
S.G.O.T. * - <0,001 <0,05 - -
* - <O 05 - - -
Cholesterol - <0,05 <0,001 - -
- - <0,01 - -
Total Protein - - - - -
- - - - -
Albumin - - - - -
- - - - -
Globulin - - - - -
* - - - - -
Haemoglobin - - <0,05 - -
- - - - -
Leucocytes - - - - <0,05 
- - - - -
Platelets n n n n n 
- - - - -
Neutrophils - - <0,05 - -
- - - - -
Lymphocytes - - <0,02 - -
- - - - -
Eosinophils n n n n n 
t - - - - -
Basophils n n n n n 
t - - <0,01 - -
Monocytes - - <0,05 - -
- - - - -
pH 0 0 0 0 0 
0 0 0 0 -
pC02 0 0 0 0 0 
* 0 0 0 0 -
Standard Bicarb. 0 0 0 0 0 
* 0 0 0 0 -
p< = significance of difference in mean levels 
- = no significant difference in mean levels (p>0,05) 
0 = no or insufficient data 
n = statistical analysis not performed 
t = with square root transformation 
* = with 1 og transformation 
TABLE 85 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(a) and 2(a) - USING TWO 
METHODS OF STATISTICAL ANALYSIS. 
(Refer to page 355) 
420. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,05 <0,01 <0,02 <0,02 
* - - <0.001 <0.01 <0,05 
Venous NH4 - - <0,01 - -
* - - <O, 01 - -
Alkaline Phos. - <0,02 - - -
* - - - - -
S.G.O.T. * <0,05 <0,005 - - -
* - - - - -
Cholesterol - - - - -
- - - - -
Total Protein <0,02 - - - -
- - - - -
Albumin - - - - -
- - - - -
Globulin <0,01 - - <0,025 -
* - - - - -
Haemoglobin - - <0,005 - -
- - - - -
Leucocytes - - - - <0,05 
- - - - -
Platelets n n n n n 
- - - - -
Neutrophils - - <0,02 - -
- - - - -
Lymphocytes - - - - -
- - - - -
Eosinophils n n n n n 
t - - - - -
Basophils n n n n n 
t - - - - -
Monocytes - - <0,001 - <0,02 
- - <0,001 - <O, 05 
pH - 0 - 0 -
- 0 - 0 -
pC02 - 0 - 0 -
* - 0 - 0 -
Standard Bicarb. - 0 - 0 -
* - 0 - 0 -
p< = significance of difference in mean levels 
- = no significant difference in mean levels (p>0,05) 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log transformation 
t = with square root transformation 
TABLE 86 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(a) and 2(b) - USING TWO 
METHODS OF STATISTICAL ANALYSIS. 
(Refer to page 356) 
421. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,01 <0,001 <0,001 <0,05 
* - <0,01 <0.001 <O 001 <0,01 
Venous NH4 - <0,02 <0,02 <0,001 <0,01 
* - <O, 05 - <0,01 <0,01 Alkaline Phos. <0,05 <0,025 - - -
* - - <O, 05 - - -S.G.O. T. * - <0,01 <0,02 <0,025 <0,02 
* - <0,001 - - -Cholesterol - - - - <0,025 
- - - - -
Total Protein - <0,02 <0,05 <0,025 -
- - - - -
Albumin - <0,02 - - -
- - - - -
Globulin - - <0,02 <0,02 -
* - - - <0,05 -Haemoglobin - - - <0,05 <0,02 
- - - - -
Leucocytes <0,02 - - - <0,025 
- - - - -
Platelets n n n n n 
- - - - -
Neutrophils - - <0,05 <0,05 -
- - - - -
Lymphocytes - - - - -
- - - - -
Eosinophils n n n n n 
t - - - - -
Basophils n n n n n 
t - - - - -
Monocytes - - - <0,005 -
- - - - -
pH 0 0 0 0 0 
0 0 0 0 -
pC02 0 0 0 0 0 
* 0 0 0 0 -Standard Bicarb. 0 0 0 0 0 
* 0 0 0 0 -
p< = significance of difference in mean levels 
- = no significant difference in mean levels {p>0,05) 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log transformation 
t = with square root transformation 
TABLE 87 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l(b) and 2(a) - USING TWO 
METHODS OF STATISTICAL ANALYSIS. 
(Refer to page 357). 
422. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <O ,02 <0,005 <0,01 -
* - <0,05 <0,001 <O, 05 -
Venous NH4 - - <O ,05 - -
* - - - - -
Alkaline Phos. - <0,05 - - -
* - - - - -
S.G.0.T. * - - - - -
* - - - - -
Cholesterol - <O ,02 <O ,02 <0,025 < 0 ,005 
- - <0,05 - <0,05 
Total Protein <O ,005 - - - -
- - - - -
Albumin - - - <0,005 -
- - - - -
Globulin <O ,01 - - - -
* - - - - -
Haemoglobin - - - - <0,02 
- - - - -
Leucocytes - - - - <0,025 
- - - - -
Platelets n n n n n 
- - - - -
Neutrophils - - - - -
- - - - -
Lymphocytes - - - - -
- - - - ----Eosinophils n n n n n 
t - - - - -
Basophils n n n n n 
t - - - - -
Monocytes - - <0,005 - -
- - <0.01 - -
pH <0,05 0 - 0 -
- 0 - 0 -
pC02 <0,02 0 - 0 -
* - 0 - 0 -
Standard Bicarb. - 0 - 0 -
* - 0 - 0 -
p< = significance of difference in mean levels 
- = no significant difference in mean levels (p>0,05) 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log transformation 
t = with square root transformation 
TABLE 88 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS l{b) and 2(b) - USING TWO 
METHODS OF ,STATISTICAL ANALYSIS. 
(Refer to page 358) 
423. 
DATE OF COMPARISON (DAYS) 
TEST 
OP 7 14 21 28 
CSF Glutamine - <0,005 <0,001 <O ,001 <0,001 
* <0.,05 <0.,001 <0.,001 <0,001 <0,001 Venous NH 4 - <0,01 <0,001 <0,001 <0,05 
* - - <0,01 <0,05 <0,01 Alkaline Phos. <0,025 - - - -
* - - - - - -S.G.O.T. * - - - - -
* - - - - -Cholesterol - <0,005 <0,001 <0,02 <0,005 
- - <O., 05 - -
Total Protein <0,05 - - - -
- - - - -
Albumin - - - - -
- - - - -
Globulin <0,05 - - <0,005 -
* - - - - -Haemoglobin - - - - -
- - - - -
Leucocytes - - - - -
- - - - -
Platelets n n n n n 
- - - - -
Neutrophils - - <0,001 - <0,02 
- - <0,01 - ---Lymphocytes - - <0,05 - <0,05 
- - - - -
~Eos i nophi 1 s n n n n n 
-1- - - - - -I 
~ 
Basophils n n n n n 
t - - - - -
Monocytes - <0,05 <0,001 <0,01 <0,05 
- - <O, 01 - -
pH 0 0 0 0 0 
0 0 0 0 -
pC02 0 0 0 0 0 
* 0 0 0 0 -Standard Bicarb. 0 0 0 0 0 
* 0 0 0 0 -
p< = significance of difference in mean levels 
- = no significant difference in mean levels (p>0,05) 
0 = no or insufficient data 
n = statistical analysis not performed 
* = with log transformation t = with square root transformation 
TABLE 89 THE SIGNIFICANCE OF DIFFERENCES IN MEAN LEVELS 
BETWEEN GROUPS 2(a) and 2(b) - USING TWO 
METHODS OF STATISTICAL ANALYSIS. 




FUNCTIONAL INDEX DEGREE OF REJECTION 
VARIABLE 
ZERO SLOPE EQUALITY ZERO SLOPE EQUALITY OF SLOPE OF SLOPE 
CSF Glutamine 0,4xlo- 19 0,9221 0,2x10- 14 0,4769 
Venous NH 4 0,0460 0,0217 0,0288 0,0734 
Alkaline Phos. 0,0709 0,0018 0,1494 0,0368 
S.G.O. T. 0,6589 0,1306 0,5087 0,6225 
Cholesterol 0,0002 0,3666 0,0002 0,1893 
Total Protein 0,6074 0,7097 0, 7703 0,6468 
Albumin 0,4051 0,4848 0,3038 0,2344 
Globulin 0,2777 0,7065 0,3747 0,8083 
Haemoglobin 0,2261 0,6475 0,6308 0,3093 
Leucocytes 0,3367 0,1083 0,3287 0, 1187 
Platelets 0,4421 0,3638 0,5467 0,7797 
Neutrophils 0,0208 0,2761 0,0127 0,2025 
Lymphocytes 0,3602 0,6554 0,4660 0,6421 
Eosinophils 0,6691 0,8237 0,7057 0,4279 
Basophils 0,0659 0,6405 0,0590 0,6955 
Monocytes 0,0084 0,0119 0,0015 0,0053 
pH 0,6183 0,2865 0,9821 0,4091 
pC02 0,7081 0, 7703 0,6440 0,6449 
Standard Bicarb. 0,3510 0,5754 0,7432 0,7654 
TABLE 90 SUMMARY OF ONE-WAY ANALYSIS OF VARIANCE 
DAY 7 DAY 14 DAY 21 
VARIABLE 
No Corr p No Corr p No Corr p 
CSF Glutamine 26 0,804 <!)_, 001 22 0,817 <O., 001. 18 0,843 <0,001 
Alkaline Phos 26 0,368 - 22 0, 104 - 18 0,448 -
S.G.0.T. 26 0,374 - 22 0,078 - 18 0,225 -
Cholesterol 24 0,474 <0., 05 22 0,194 - 16 0,574 <0., 05 
Leucocytes 25 0,295 - 22 0,224 - 18 0,003 -
TABLE 91:: CORRELATION BETWEEN THE FUNCTIONAL LIVER INDEX 
AND THE VARIABLES 




Corr p Corr p No' Corr p 
CSF Glutamine 2 5 I o , 6 7 o <o., o o 1 21 0,806 <0.,001 180,851 <0.,0]1 
Alkaline Phos 25 0 ,311 - 21 0,074 - 18 0,362 -
S.G.O.T. 25 0,251 - 21 0, 177 - 18 0,099 -
Cholesterol 23 0,506 <0, 05 21 0,120 - 16 0,581 <0., 05 
Leucocytes 25 0,200 - 21 0,206 - 18 0,031 -
TABLE 92 CORRELATION BETWEEN THE DEGREE OF REJECTION 
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no significant difference 




























































Group 2(b) levels on each day
TABLE 94 THE SIGNIFICANCE OF SERIAL CHANGES IN MEAN CSF GLUTAMINE LEVELS -
USING THREE DIFFERENT METHODS OF STATISTICAL ANALYSIS. 
(Refer to page 245F.) 
TEST 
t 
MW 
t 
MW 
t 
MW 
t 
MW 
CORRELATION 
"N"-GRADES I-IV 
<0,001 
<0, 001 
<0,001 
<0,01 
UI 
c.... 
C: 
2: 
p. 
N 
00 
